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EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA), Office of Solid Waste has
investigated potential gaps in the current hazardous waste characteristics promulgated under the
federal Resource Conservation and Recovery Act (RCRA). Thisreport, the Hazardous Waste
Characteristics Scoping Study, presents the findings of that investigation.

THE SCOPING STUDY: AN EARLY STEP

This study isafirst step for the Agency in fulfilling along-standing goa to review the
adequacy and appropriateness of the hazardous characteristics. The study also fulfills an
obligation in a consent decree with the Environmental Defense Fund (EDF).

The study is by design a scoping study and, therefore, does not conclusively identify
particular chemical classes for regulation, or fundamental flaws in the overall regulatory
framework requiring immediate regulatory action. However, the study does identify several key
areas that merit further analysis due to the significant potential for improving hazardous waste
management practices and protection to health and the environment. Thus, the scoping study
provides a catalogue of potential gaps in the hazardous waste characteristics.

The Agency considers that this study is one very critical component of a broader array of
efforts underway to review and improve the RCRA program, to ensure that regulation is
appropriate to the degree of risk posed by hazardous wastes and waste management practices.
Efforts involve both regulatory and de-regulatory actions, as appropriate for specific wastes and
waste management practices.

STUDY PROCESS AND FINDINGS

Review of Current Characteristics

The review of the current characteristic regulations evaluated the protectiveness of the
characteristics against the risks they were intended to address and also risks they were not
specifically intended to address. For example, EPA evaluated risks that are now addressed by
the Toxicity Characteristic (TC), e.g., direct ingestion of groundwater, by considering new
groundwater modeling techniques that have been in use since the promulgation of the current TC
levels, as well as any changes to the toxicity values on which the original levels were based. In
addition, EPA evaluated risks from other exposure pathways and to ecological receptors, which
are both risks not intended to be protected by the original TC.

Thereview of the current TC regulatory levels suggeststhat: (1) further analysis of
thecurrent TC regulatory levels should be conducted using new groundwater modeling
techniques, as well as considering changesto toxicity values for specific constituents; and
(2) non-groundwater pathways and ecological receptors--not currently addressed by TC
provisions--may be of potential concern. The study included some screening analyses of
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potential air releases from surface impoundments and land application units. The Agency found
that inhalation risk levels for a significant number of current TC constituents at the fenceline
(under certain exposure conditions) exceeded the allowable risk levels upon whichthe TC is
based.

Waste piles and land application units may be of special concern for ecological
receptorsdueto surface runoff. Thirteen TC constituents have regulatory levels that are
10,000 or more times higher than Ambient Water Quality Criteria concentrations, with four of
these being at least 100,000 times higher, suggesting that the level of protectiveness of the TC
may not be very high for ecological receptors.

The study also identifiesthe need to examine a broader array of leaching
procedures, in addition to the Toxicity Characteristic L eaching Procedure (TCLP), to
better predict environmental releases from various waste types and waste management
conditions. Notable examples are the inability of the TCLP to predict significant releases under
highly alkaline conditions or to media other than groundwater, or to serve as a leaching
procedure for oily wastes.

The most obvious potential gap identified for the ignitability and reactivity
characteristicsisthereference to outdated DOT regulations. Other potential gaps identified
for these characteristics include the exclusion of combustible liquids and lack of specific test
methods for non-liquids for ignitability; exclusion of corrosive solids, not addressing corrosion
of non-steel materials and solubilization of non-metals, and whether pH limits are adequately
protective for corrosivity; and, an overly-broad definition and lack of specific test methods for
reactivity.

Releases from Non-Hazardous Industrial Waste Facilities

The Agency identified actual releases of non-hazardous waste constituents as one means
of finding potential problem constituents and management activities. EPA reviewed data on
non-hazardous industrial waste management activities that was readily available from state
monitoring and compliance files. The Agency focused on wastes that are not currently regulated
as hazardous (by virtue of being listed or exhibiting a characteristic) to identify releases
potentially causing human health or environmental damages.

The Agency considered three mgjor factors in judging whether a release was an
appropriate case study for this evaluation. A release had to meet al three of the following
criteriato be included: (1) The source of contamination had to be a waste management unit or
other intended final disposal areathat received only non-hazardous industrial waste; (2) A
release from a waste management unit must have caused contamination at levels of potential
concern (constituent-specific concentrations that exceed federal standards or state guidelines or
regulations); and, (3) Documented evidence must be available to support the exceedences
referred toin (2).

EPA found 112 environmental release case studiesin 12 states with readily available
(and not necessarily representative) data on non-hazardous waste management units. The
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releases were found from facilitiesin 15 (2-digit) Standard Industry Classification (SIC)
industries. The top four categories were: SIC 49: Electric, Gas, and Sanitary Services (refuse-
side only); SIC 26: Paper & Allied Products; SIC 28: Chemical & Allied Products; and, SIC
20: Food & Kindred Products.

Over 90 percent of the releases were from landfills or surface impoundments and
nearly all (98 percent) involved groundwater contamination. Thisis most likely because
groundwater monitoring is the most common method for detecting rel eases from waste
management units.

Many of the chemical constituents most commonly detected above a regulatory level
are already addressed in thecurrent TC, even though the release occurred from non-
hazar dous waste management. The 20 constituents most commonly detected above a
regulatory level areinorganics. The constituents that exceeded state groundwater protection
standards or health-based federal drinking water standards most frequently were lead,
chromium, cadmium, benzene, arsenic and nitrates. All of these, with the exception of nitrates,
are current TC constituents. Organic constituents, both TC and non-TC, were also identified in
the case studies, however, they were detected less frequently than the inorganic toxicity
characteristic constituents.

This collection of release descriptionsis not statistically representative of problem
industries nor intended to identify particular problem facilities. The Agency believes that
the case studies are indicative of the type of releases associated with the management of non-
hazardous wastes in the types of facilities identified. The Agency also believes that information
on releases from past waste management practices is useful in demonstrating the potential for
human health or environmental damage.

Non-TC Chemical Constituents

In reviewing chemicals and chemical classes not currently regulated by the TC,
EPA found in excess of 100 constituentsthat potentially occur in waste and may pose
significant risks. EPA reviewed 37 regulatory or advisory lists of chemicalsto identify possible
constituents of non-hazardous wastes. EPA also compiled alist of chemicals which are “known”
to be constituents of non-hazardous wastes because they were identified in the environmental
rel ease case studies or other Agency data sources on non-hazardous industrial wastes. EPA
screened these chemicals and narrowed the list to possible constituents of non-hazardous waste
that, by virtue of their toxicity, fate and transport properties, or exposure potential, could pose
significant risks to human health and/or the environment.

These chemicals wer e both inorganics and organics, and include volatiles, non-
volatile organics, PAHs and pesticides. Because of the large number of constituents identified
as candidates and the limited time available for the scoping study, no risk analyses were
conducted. However, it may be areasonable next step to assess the potential risks for a subset of
these constituents.
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Natural Resource Damages/L ar ge-Scale Environmental Problems

The Agency examined the potential for broad environmental impacts from non-
hazar dous waste management. These impacts may include damages to natural resources
which diminish the value and usability of a resource without threatening human health, as well
as possible contributions to regional and global environmental problems.

With respect to groundwater contamination, over 80 percent of the facilities
identified in the case studies discussed earlier had releases exceeding secondary drinking
water standards (non-health based standards). These releases were identified because
exceedence of secondary standards may reduce the useability and, therefore, the value of the
groundwater. Iron, chloride, sulfate and manganese were among the most frequently detected
constituents exceeding secondary standards.

In reviewing air deposition of toxic constituents to great waters, the Agency found a
number of TC constituents, as well as some other chemicals identified in the study. However, it
was not possible to assess the importance of waste to air deposition of toxics to the great waters.

State-Only Hazar dous Waste Regulations

Some states have adopted hazardous waste identification rulesthat are broader or
mor e stringent than federal RCRA Subtitle C regulations. These expansionsreflect state
judgements about gapsin the federal program. Data on hazardous waste regulations from
eight states, California, Michigan, New Hampshire, Oregon, Rhode Island, Texas, Washington,
and New Jersey were considered. Several states regulate additional constituents beyond the TC
list ( 25 for California, 9 for Michigan, and 1 for Washington). California also applies a more
aggressive leaching test, the waste extraction test (WET) to wastes. California aso has atest for
combinations of hazardous constituents, in which a combined concentration of the listed
constituents cannot exceed 0.001 percent as atotal in the waste. Four states also apply acute
toxicity values (LD50 or LC50) for human or ecological toxicity to the whole waste.

NEXT STEPS

The potential gaps and areas of health and environmental concern identified here will
require further, more detailed examination before regulatory action can be undertaken. For
example, the study highlights risks to ecological receptors and possible inhalation risks to
humans as potential gaps, as well as further evaluation of the adequacy of the TCLP. These
topics were found to be potential gaps in more than one area of the study and will likely be
specific areas of further investigation.

Following release of this report, the Agency will engage in a variety of outreach
activitiesin identifying appropriate next steps. While the Agency considers this afinal report,
comments from interested members of the public are solicited and will be used to help identify
and structure follow-on activities. As noted above, revisions to the characteristics program will
likely, in the long run, involve both regulatory and de-regulatory activities.
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CHAPTER 1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA), Office of Solid Waste has investigated potentia gapsin
the current hazardous waste characteristics promulgated under the federal Resource Conservation and Recovery Act
(RCRA). Thisreport, the Hazardous Waste Characteristics Scoping Study, presents the findings of that
investigation. Chapter 1 presents background information on the Scoping Study as follows:

° Section 1.1 describes the purpose and scope of the Scoping Study;

° Section 1.2 discusses rel evant aspects of the RCRA hazardous waste and non-hazardous
waste programs;

° Section 1.3 summarizes the methodology used to prepare the Scoping Study; and

° Section 1.4 outlines the remaining chapters and appendices of the Study.

11 Purpose and Requirements of the Hazar dous Waste Char acteristics Scoping Study

As stipulated under an amended consent decree with the Environmental Defense Fund (EDF) (presented in the
text box below), the Agency has investigated potential gaps in the coverage of the existing RCRA hazardous waste
characteristics. The purpose of this Study isto identify potential gaps in coverage and to investigate the nature
and extent of such gaps. Based on the results of the Study, EPA will seek input from interested parties and
determine the appropriate course of action to further address any significant potential gaps identified in the

Study.

12 Regulatory Background

Agreement for Hazardous Waste Char acteristics Scoping Study

The Administrator shall perform a study of potential gapsin the coverage of the existing hazardous
waste characteristics. The purpose of the study isto investigate if there are gaps in coverage, and the nature)
and extent of the gaps identified. The potential gapsin coverage to be addressed in the study [shall]
incorporate both waste management practices and possible impacts to human health and the environment. With
respect to waste management practices, the study shall, at a minimum, address rel eases from non-hazardous
waste surface impoundments; waste piles; land treatment units; landfills; and various forms of use
congtituting disposal such as road application, dust suppression or use in a product applied to the land. Hunpan
health and environmental impacts to be addressed by the study shall include, but not be limited to: (a) impagts
via non-groundwater exposure pathways, both direct and indirect, to human and ecological receptors; (b)
impacts via the groundwater pathway to ecological receptors; (¢) the potential for formation of non-agueous
phase liquids in groundwater; and (d) impacts via the groundwater pathway to human receptors caused by rdleases
of toxic constituents not included in the current toxicity characteristic, such as EPA-classified carcinogens,
priority pollutants identified in the Clean Water Act, and solvents used for purposes other than degreasing.
The Administrator shall complete the study by November 15, 1996, and shall provide the plaintiff with two
copies of the study immediately upon completion.

Environmental Defense Fund, Inc. v. Browner, Civ. No. 89-0598, order granting stipulated motion of EDF gnd EPA
for amendment of consent decree. May 17, 1996, pp. 18-19.
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This report focuses on wastes that are not currently regulated as hazardous (by virtue of being listed or
exhibiting a characteristic). Industrial wastes are classified either as "hazardous waste" and managed under
Subtitle C of the Resource Conservation and Recovery Act (RCRA) or as "non-hazardous waste”" and managed under
Subtitle D of RCRA, primarily under state programs. In the context of this report, the term "non-hazardous
industrial waste" broadly refersto waste that is neither municipal solid waste, special waste, nor considered a
hazardous waste under Subtitle C of RCRA. A brief description of the Agency's hazardous and non-hazardous waste
classification systemsis provided below.

Subtitle C of RCRA, as amended, establishes afedera program for the comprehensive regulation of
hazardous waste. Section 1004(7) of RCRA defines hazardous waste as

"asolid waste, or a combination of solid wastes, which because of its quantity, concentration,
or physical, chemical, or infectious characteristics may: (a) cause, or significantly

contribute to an increase in mortality or an increase in serious irreversible, or incapacitating
reversible, illness; or (b) pose a substantial present or potentia hazard to human health or the
environment when improperly treated, stored, transported, disposed of, or otherwise managed.”

Under RCRA Section 3001, EPA is charged with defining which solid wastes are hazardous by identifying the
characteristics of hazardous waste and listing particular hazardous wastes.

Current hazardous waste characteristics are ignitability, corrosivity, reactivity, and toxicity. The
Agency's definitions of ignitability and reactivity have not changed materially since their adoption in 1980.*
The Agency's definition for corrosivity was last revised in 1993.2 The Agency's current definition of toxicity was
promulgated in 1990, replacing the Extraction Procedure (EP) leach test with the Toxicity Characteristic Leaching
Procedure (TCLP) and adding 25 organic chemicalsto the list of toxic constituents of concern and establishing
their regulatory levels. The Agency's definition of toxicity was last revised in 1993;* however, thisrevision did
not alter the framework for defining this characteristic.

A solid waste is classified as listed hazardous waste if it is named on one of the following four lists
developed by EPA:

° Nonspecific source or F wastes (40 CFR 261.31). These are generic wastes, commonly
produced by manufacturing and industrial processes. Examples include spent halogenated
solvents used in degreasing and wastewater treatment sludge from electroplating
processes as well as dioxin wastes, most of which are "acutely hazardous' wastes due to
the danger they present to human health or the environment.

° Specific source or K wastes (40 CFR 261.32). Thislist consists of wastes from
specifically identified industries such as wood preserving, petroleum refining, and

1 45 Federal Register 33084, May 19, 1980.
258 Federal Register 46049, August 31, 1993.
3 55 Federal Register 26987, June 29, 1990.

4 58 Federal Register 46049, August 31, 1993.
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organic chemical manufacturing. These wastes typically include sludges, till bottoms,
wastewaters, spent catalysts, and residues.

Discarded commercial chemical products or P and U wastes (40 CFR 261.33(e) and (f)). The
third and fourth lists consist of specific commercial chemical products and

manufacturing chemical intermediates. They include chemicals such as chloroform and
creosote, acids such as sulfuric acid and hydrochloric acid, and pesticides such asDDT

and kepone.

Disposal of non-hazardous solid waste is regulated under Subtitle D of RCRA. Subtitle D wastesinclude
municipal solid waste, special waste, and industrial waste.

Municipal solid waste includes household and commercial solid waste. Household waste is
defined as any solid waste (including garbage, trash, and sanitary waste in septic

tanks) derived from households (including single and multiple residences, hotels and
motels, bunkhouses, ranger stations, crew quarters, campgrounds, picnic grounds, and
day-use recreation areas) (40 CFR 258.2). Commercia waste refersto al types of solid
waste generated by stores, offices, restaurants, warehouses, and other non-

manufacturing activities, excluding residential and industrial wastes (40 CFR 258.2).

Special waste, as used in this document, refersto oil and gas exploration and
production waste, fossil fuel combustion wastes, cement kiln dust, and solid waste from
the extraction, beneficiation, and processing of ores and minerals (40 CFR 261.4).

Non-hazardous industrial waste refers to solid waste generated by manufacturing or
industrial processes that is not a hazardous waste regulated under Subtitle C of RCRA or
aspecia waste (40 CFR 258.2).

Under Subtitle D, the management of non-hazardous industrial waste in land-based units must comply with
40 CFR Part 257, which establishes minimum federal standards for the management and siting of land-based units.
Individual states are responsible for implementing 40 CFR Part 257 under their own authority. They have adopted
statutory and regulatory frameworks for management of non-hazardous industrial wastes. These requirements vary
widely from one state to another in terms of their design and operating requirements, monitoring regquirements, and
other management requirements such as recordkeeping, closure, post-closure care, and financial responsibility.
Even within a given state, the non-hazardous industrial waste requirements may vary from facility to facility
depending on the characteristics of the wastes managed and the environmental setting of the waste management unit.
The Agency is currently developing "voluntary guidelines’ for non-hazardous industrial waste management to better
ensure that this waste is managed in amanner that is protective of human health and the environment.

13 Approach for Studying Potential Gapsin the Hazar dous Waste Char acteristics

Asshown in Exhibit 1-1, the general approach EPA used to perform the Scoping Study has nine steps. Each
of these stepsis discussed bel ow.

Step 1. Characterize Releases from Non-Hazar dous Industrial Waste Management

The Agency conducted detailed investigations to identify specific instances of environmental
contamination resulting from the management of non-hazardous industrial wastes. These case studies provide real-
world information on releases of these wastes into the environment, the chemicals released and their
concentrations, and the waste management practices and industriesinvolved. The preliminary findings of such
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research were presented in adraft report entitled "Hazardous Waste Characteristics Scoping Study: Environmental
Release Descriptions' (September 24, 1996). EPA held a public meeting on October 10, 1996 to explain and obtain
comments on the draft report. EPA has considered and, where appropriate, incorporated these comments in preparing
this Scoping Study. Chapter 2 summarizes these investigations and Appendix A presents the individual
environmental release descriptions.

Step 2: Categorize Risks Associated with Non-Hazar dous I ndustrial Waste M anagement

This step identifies categories of risks to human health and the environment that may result from non-
hazardous industrial waste management. The underlying premise of this step isthat a gap in the hazardous waste
characteristicsis any significant risk to human health or the environment associated with non-hazardous
industrial waste management that could be, but is not, addressed by the current characteristics. Thus, this
assessment deals with both:

° Hazards that the current hazardous waste characteristics were intended to address,
namely physical hazards such as fire and explosion and toxic groundwater contamination
near waste management facilities; and

° Hazards that the characteristics were not intended to address, such as non-groundwater
pathway exposures to toxins, damages to ecological receptors, and natural resource
damages.

EPA identified risks by types of receptors, types of toxic effects and physical hazards, exposure
pathways, and time and spatial scales, as described in Section 3.1. The search for potential risks used broad
definitions of risk and adverse effects and addressed all aspects of non-hazardous industrial waste management,
without any prejudgment asto the likelihood that arisk was significant, whether it could be best addressed by the
characteristics, or whether it was already addressed by other regulations. The results of thisrisk
classification step were used in identifying and evaluating potential gaps, as described below.

Step 3: Review the Existing Characteristics

Theidentification of potential gaps continues with areview of the existing definitions of the
characteristics. Thisstep is next for two reasons. Firgt, limitations in the characteristics' effectivenessin
reducing the risks they were intended to address may constitute important potential gaps. When the
characteristics were promulgated, the Agency identified physical hazards and acute toxic hazards during transport
and disposal activities and chronic exposure to groundwater contaminated with waste
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Insert Exhibit 1-1 Scoping Study Approach
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congtituents as being among the most important waste management risks. Reducing these risks remains an important
goal of the characteristics. Second, this analysis lays the groundwork for evaluating other potential gaps.

Step 3 begins by examining the definitions and test methods of the ignitability, corrosivity, and
reactivity (ICR) characteristics, which are essentially unchanged since they were promulgated in 1980. EPA
reviewed the assumptions and approaches used to devel op these characteristics and compared the characteristics to
approaches taken to controlling similar hazards under other federal and state regulatory schemes. Step 3 also
examines the definition of the toxicity characteristic (TC), which was designed to protect against human health
risks from exposure to hazardous waste constituents released to groundwater. EPA reviewed new information on the
toxicity, fate, and transport of the TC constituents and improvements in groundwater modeling since the TC was
revised in 1990. The Agency also examined the potential risks from TC constituents through inhal ation, surface
water, and indirect pathways and to ecological receptors. Chapter 3 describes these analyses.

Step 4: ldentify Gaps Associated with Non-TC Chemicals

Potential gaps in the hazardous characteristics from non-TC chemicals are identified by, first,
identifying two groups of constituents:

° "Known" non-hazardousindustrial waste constituents: constituents "known" to be
present in non-hazardous industrial wastes, based on the data gathered in the
environmental release descriptionsin Step 2, EPA's 1987 Telephone Screening Survey of
non-hazardous industrial waste management facilities, EPA effluent guideline
development documents, and recent hazardous waste listing determinations.

° "Possible" non-hazardousindustrial waste constituents: constituents on various
regulatory or advisory lists, which were screened for their toxicity, fate, and
transport properties and for a proxy of their occurrence in non-hazardous industrial
waste, using available environmental release data from the 1994 Toxics Release
Inventory.

Then, these two lists of constituents are evaluated and compared and chemicals are classified by physical
properties, chemical composition, use, and origin. Finally, potential gaps were identified by applying multiple
hazard-based screening criteria to specific chemicals and chemical classes. Chapter 4 describes these analyses.

Step 5: Identify Potential Gaps Associated with Certain Natural Resource Damages and L arge-Scale
Environmental Problems

As discussed above, steps 3 and 4 respectively examine potential gaps inherent in the current hazardous
waste characteristics and associated with adverse human health or localized ecological effects from constituents
not addressed by the toxicity characteristic. Step 5 addresses athird set of risks associated with non-hazardous
industrial waste management: damages to natural resources that may not have direct human health or ecological
effects, and large-scale environmental problems. The specific risks addressed are:

. Pollution of groundwater by constituents that diminish the value and usability of the resource
without threatening human health;

. Air pollution through odors that harm the quality of life but may not have severe health effects;
and
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. Large-scale environmental problems, including air deposition to the Great Waters, damages from
endocrine disruptors and airborne particulates, global climate change, red tides, stratospheric
ozone depl etion, tropospheric ozone and photochemical air pollution and water pollution.

Chapter 5 presents these anal yses.
Step 6: Review State Expansionsof TC and State Listings

Several states have expanded their hazardous waste management programs to regul ate as hazardous certain
wastes or waste constituents that are not hazardous under the federal program. Step 6 examines how states have
expanded their toxicity characteristics and have listed as hazardous certain wastes that are not listed under the
federal program. (Step 3 examines how states have regulated additional wastes by expanding their ICR
characteristics.) These expansions beyond the federal hazardous waste identification rules reflect state
judgments about gapsin the federal hazardous waste program and thereby constitute potential gaps that may merit
further investigation. Chapter 6 presentsthisanalysis. (Chapter 7 summarizes the potential gaps identified in
Chapters 3 through 6.)

Step 7: Evaluatethelndustries and Waste Management Practices Associated with Potential Gaps

The evaluation of potential gaps asks two basic questions. (1) What do the qualitative and quantitative
indicators of risk show about the potential gaps? and (2) To what extent are the risks associated with the
potential gaps addressed by other regulations? Steps 7, 8, and 9 address these questions. Step 7 addresses
aspects of the first question. Specifically, it assesses the following:

° The amount of non-hazardous industrial wastes generated by variousindustries;

° The frequency with which various chemicals were detected or reported in releases from
various industries;

° The management methods associated with the major non-hazardous industrial waste
generators; and

° The management practices associated with documented environmental releases of non-
hazardous industrial wastes.

Because of datalimitations, EPA could not evaluate all potential gaps against all of these criteria. Instead,
this step focuses principally on the potential gaps identified in Steps 3 and 4. Chapter 8 presentsthis analysis.

Step 8: Assess Regulatory Programs Coverage of Potential Gaps

The second major issue in evaluating potential gaps is the extent to which the risks are controlled by
existing regulatory or other environmental programs. As noted above, risk-related gaps were identified solely in
terms of their relationship to non-hazardous industrial waste management, and not with regard to whether they
might be controlled under regulatory or other programs. Chapter 9 discusses how major federal and state
regulatory programs may address some of the risks represented by the potential gaps. To the extent that they are
already addressed or could be addressed more effectively by programs other than the hazardous waste regulations,
the potential gaps may not merit further attention by the RCRA Subtitle C program.

Step 9: Present Integrated Evaluation of Nature and Extent of Potential Gaps
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Inthefinal step of the methodology, which is presented in Chapter 10, EPA integrates and summarizes all
of the lines of evidence relating to particular potential gaps in the hazardous waste characteristics. The
summary is presented in the form of several tables. This section also reviews the major data gaps and
uncertainties of the analysis.

14 Report Outline

This Scoping Study is organized in the same order as the methodology outlined above.

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

characterizes rel eases from non-hazardous industrial waste management;

categorizes risks associated with potential gapsin the characteristics and
reviews the existing characteristics to identify potential gaps;

identifies potential gaps associated with non-TC chemicals;

identifies potential gaps associated with certain natural resource damages and
large-scale environmental problems;

identifies potential gaps in the characteristics by reviewing how selected states
have expanded the TC and listed wastes that are not listed as hazardous under the
federal program;

summarizes the potential gaps identified in Chapters 3 through 6;
evaluates the extent of the risks presented by potential gaps;

discusses how major federal and state regulatory programs address the risks
represented by the potential gaps; and

presents an integrated summary evaluation of the nature and extent of potential
gaps and the associated major analytical limitations and describes the framework
that the Agency will apply in developing a plan for addressing potential gapsin
the hazardous waste characteristics identified in this Study.

The Study also includes several appendices. Appendix A describes the individual environmental releases
summarized in Chapter 2. Appendix B discusses several data sources used to identify environmental releases that
were not successful in finding releases meeting EPA's stringent selection criteria. Appendix C providesa
detailed comparison of the ICR characteristics to related approaches under other federal and state programs.
Finally, a separate background document contains detailed information and analysis that supplements the
screening-level risk analysis presented in Chapter 3 and the identification of "possible" non-hazardous
industrial waste constituentsin Chapter 4.
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Scoping Study Approach
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CHAPTER 2. RELEASES FROM NON-HAZARDOUS
INDUSTRIAL WASTE MANAGEMENT UNITS

This chapter presents the methodology and results of the Agency's efforts to identify contamination
resulting from the management of non-hazardous industrial wastes. The Agency prepared a draft report entitled
"Hazardous Waste Characteristics Scoping Study: Environmental Release Descriptions' which was released for public
comment on September 25, 1996 (see 61 Federal Register 50295). This chapter summarizes the revised report,
incorporating relevant comments on the draft report.

This chapter is composed of three sections:

° Section 2.1 discusses the criteria, information sources, and methodol ogy used to select
releases to include in the report;

° Section 2.2 summarizes the release descriptions and presents findings of the study; and
° Section 2.3 presents the major limitations of the study.

The environmental release descriptions described in this chapter are presented in Appendix A of this
Scoping Study.

21 M ethodology

Based on 1985 data, 7.6 billion tons of non-hazardous industrial waste are generated and managed on-site
annually by 17 major industriesin the United States. Despite this large volume of non-hazardous industrial
waste, EPA has few data concerning the releases, human health impacts, or environmental damages caused by such
wastes. To identify such releases for purposes of the Scoping Study, the Agency reviewed readily available
information from awide variety of data sources. The purpose of this review was not to estimate risks posed, but
rather to characterize rel eases due to non-hazardous industrial waste management practices. This section
discusses the criteria and methodol ogy used to select releases.

2.1.1 CriteriaFor Sdecting Releases

The Agency considered three major factorsin judging whether arelease is an appropriate case study for
thisreport. To beincluded, arelease had to meet all three of the criteria described below:

1 Sour ce of Release. The source of contamination had to be a waste management unit that received
only non-hazardousindustrial waste. Releases were excluded if:

a Evidence suggested that the management unit also received municipal solid waste,
special waste, or RCRA hazardous waste. Many facilities manage municipal, hazardous,
and special wastes in the same waste management units as non-hazardous industrial waste.
Releases from such units were not included in this report.

b. The source of contamination could not be attributable solely to a non-hazardous
industrial waste management unit. Releases were excluded where contamination (1) was
detected at or near the facility, but the source of contamination was unknown; (2) was
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not from a waste management unit (e.g., was aproduct spill); or (3) wasfroma
combination of non-hazardous industrial waste unit(s) and municipal, special, or
hazardous waste unit(s).

C. The source of contamination was industrial wastewater discharges that are point source
discharges regulated under Section 402 of the Clean Water Act, as amended.

d. The management method employed would beillegal in most states today. (Facilities were
included if management practices would be legal today, even if no longer employed at a
particular facility.)

2. Evidence of Damage. For purposes of the study, "damage" is considered to be arelease exceeding
one of the levels described below. All exceedences were examined for purposes of this scoping
study. Exceedences may not actually represent significant risks. To beincluded in the Study, a
release from a waste management unit must have caused contamination at levels of potential
concern for that contaminated medium. Levels of potential concern used for this criterion were
often based on federal or state drinking water standards for groundwater contamination and
exceedences of background concentrations for soil contamination. Federal drinking water
standards include maximum contaminant levels (MCLSs) and secondary maximum contaminant levels
(SMCLs)®. State drinking water standards, which are often stricter than the federal standards,
also were considered. Releases were not included if contaminant concentrations were above
background concentrations but below levels of potential concern. If at least one contaminant was
detected at concentrations above afederal or state standard, then data were collected and
presented for all contaminants detected at that site.

3. Test of Proof. Documented evidence must prove that a damage or danger from a non-hazardous
industrial waste management unit has occurred. Evidence was accepted if it met one or more of the
following three tests:

a Scientific investigation. Damages were found to exist as part of the findings of a
scientific study. Such studies include both extensive formal investigations (e.g., in
support of litigation or a state enforcement action) and the results of technical tests
(e.g., monitoring of wells);

b. Administrative ruling. Damages were found to exist through aformal administrative
ruling, such as the conclusions of a site report by afield inspector, or through
existence of an enforcement action that cited specific health or environmental dangers;
and/or

C. Court decision. Damages were found to exist through aruling of a court of law or
through an out-of-court settlement.
2.1.2 Approach For ldentifying Releases

! SMCLs are based on aesthetic considerations (e.g., taste and odor) and are not federally enforceable.
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The Agency investigated eight major data
sources to identify potential releases: Public I nvolvement
° State Industrial D programs; In the limited time available for preparing this
° State Superfund programs, Scoping Study, the Agency implemented a number ¢f
° Federa Superfund program,; measures to involve the public in this aspect of
° Draft EPA report on construction and|  the data collection effort. Specifically, the
demolition waste landfills; Agency contacted the States and facilities
° Federal RCRA corrective action identified in the rel ease descriptions to solicit
program; comments on draft versions of the release
° Other federal and state data descriptions. Concurrently, the Agency released a
SOurces; draft version of its "Hazardous Waste
° Newspapers, and Characteristics Scoping Study: Environmental
° Other literature searches. Release Description” report to the public for
comment and review on September 25, 1996 (see 61
EPA identified 112 facilities with Federal Register 50295). This report was made
environmental releases from 4 of the 8 data sources. available through the RCRA Information Center angl
As aresult, this section summarizes the methodologies| the internet via EPA's web page. Next, the Agency
used to investigate only the four sources that conducted a public meeting on October 10, 1996 in
resulted in case studies. Detailed descriptions of Arlington, Virginiato solicit comments on the
the other four methodologies are presented in Appendix  draft report. Finally, the Agency released a draft
B. Draft release descriptions were sent to facility version of theindividual release descriptionsto
owners/managers for data verification before the public for comment and review on October 29,
inclusionin thisfinal report. 1996 (see 61 Federal Register 55800).

2.1.2.1 Statelndustrial D Programs

As specified under RCRA Subtitle D, states are the primary regulators of non-hazardous solid waste, aso
known as Subtitle D waste. EPA'sroleislargely limited to establishing guidedines for the development and
implementation of state plans, providing technical assistance, and approving plans that comply with these
requirements. States are responsible for developing and implementing their own plans. EPA identified states with
potential case studies, then reviewed the state files for those potential case studies.

The Agency is currently preparing voluntary guidelines on management standards for non-hazardous
industrial wastes. As part of this effort, in 1995, the Agency contacted representatives from every state in the
continental United States and asked them to identify known or potential environmental damages caused by non-
hazardous industrial waste management units.> The Agency visited and reviewed state files at four of the five
states that reported the largest number of potential case studies, California, Texas, North Carolina, New Mexico,
and Wisconsin, and prepared a report summarizing the results of the visits.® The Agency did not visit California
because, at the time, Californiawas preparing a comprehensive report on its Solid Waste Assessment Test (SWAT)
program, which included detailed information on environmental releases at non-hazardous industrial waste disposal
sites.

2"|ssue Paper: Potential Damage Cases From On-Site Disposal of Non-Hazardous Industrial Waste," August 1995.

3 "Damage Cases: On-Site Disposa of Non-Hazardous Industrial Waste," September 1995.
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For the Scoping Study, the Agency choseto

investigate seven additional states based on the reported 12 StatesIncluded in Analysis
numbers of potential case studies for these States.

Overall, the Agency focused its review of non-hazardous | Cdifornia North Carolina
industrial waste data on 12 of the 16 states that indicated Eg’&;giﬂa _Fr)inn:g's‘;”'a
haw ng am IeasF 10 potential case studies. The Agency Michigan Texas

I!mlted its rgwewto these 12_statesduet(_)sgn|f|cant New Mexico Virginia

time constraints associated with the Scoping Study. New York Wisconsin

Asthefirst step in identifying relevant
releases or case studies, the Agency contacted the states
by telephone to discuss the requirements and purpose of the release descriptions. For states that housed their
files regionally, the Agency contacted each regional office with potential case studies. After scheduling
appointments to review the state files, the Agency visited states to review and collect information about the
specific releases of non-hazardous industrial wastes into the environment at concentrations of concern. The
Agency did not visit California. During these trips, the Agency reviewed readily available documentation on each
potentia case study and collected documentation for only those releases that appeared to meet all three of the
criteriadescribed in Section 3.1.1. Over 80 percent of the facilities identified as potential case studies were
excluded from further review, primarily because the facilities co-disposed non-hazardous industrial waste with
municipal, hazardous, or special waste, or because the environmental damages discovered at the facility could not
be directly linked to a non-hazardous industrial waste management unit. On an as-needed basis, EPA also made
follow-up contact with state personnel most knowledgeable about particular sites to obtain additional relevant
information.

To ensure that facility-specific information was accurately compiled and presented, the Agency contacted
the states and facilities by telephone to ask them to review the draft release descriptions prepared for this
report. The Agency sent each state and facility their release descriptions, asked for their written comments on
the descriptions, and incorporated relevant comments.

Review of California'sIndustrial D Data. In 1984, the California State legislature passed alaw that
required testing of water and air media at all solid waste disposal sites* The law also required Californias
State Water Resource Control Board to rank all solid waste disposal sitesin groups of 150 each, according to the
threat these facilities or sites may pose to water quality. Californias legislation requires site operators to
submit awater quality "solid waste assessment test" (SWAT) report presenting the following information:

° An analysis of the surface and groundwater on, under, and within one mile of the solid
waste disposal site to provide areliable indication of whether there is any |eakage of
hazardous waste constituents; and

° A chemical characterization of the soil-pore liquid in those areas that are likely to be
affected if the solid waste disposal siteis|eaking, as compared to geologically
similar areas near the solid waste disposal site that are known to not have been affected
by leakage or waste discharge.

To expedite the review of Cdifornias Industrial D data, the Agency obtained a copy of Californias Solid
Waste Assessment Test database. The Agency reviewed the database to identify those facilities believed to manage
only non-hazardous industrial waste and found to have |eaked waste constituents outside the limits of the waste

4 California Code of Regulations, Title 23, Section 13273.
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management unit at levels above California or federal regulatory standards. Californias waste classification
system was used to identify facilities believed to manage only non-hazardous industrial waste.

Thereview of Industrial D datafrom 12 states

'dent'f'ed a.totgl of 104 releases that met the Agency's Industrial D Case Studies Satisfying Criteriafor
selection criteria. Hundreds of potential cases were Inclusion in the Scoping Study
reviewed to identify these releases.
Cdlifornia 29 Florida 6
2.1.2.2 State Superfund Programs Wisconsin 20 New York
Tennessee 9 North Carolina 6

Abandoned or uncontrolled hazardous substance | Louisiana Michigard

7
sites not addressed by the federal Comprehensive New Mexico 7 Virginia 3
6 Pennsylvania 1

Environmental Response, Compensation, and Liability Act Texas

(CERCLA) program may be subject to remediation under t
state Superfund programs. EPA believes that some of these

sites may be contaminated with industrial wastes that would not be hazardous under the current RCRA Subtitle C
reguirements.

To expedite the process of identifying relevant
sites and to cover the largest possible percentage of state
Superfund sites, the Agency focused on the states with the

State Superfund Programs

largest programs. These states were identified according with > 1,000 Sites

to the Environmental Law Institute's 1993 Analysis of

State Superfund Programs.® In July 1996, the Agency Cdlifornia v New York

identified and contacted 13 states listed as having at lllinois Ohio

least 1,000 state Superfund sites. Personnel fromeachof | Indiana Pennsylvania

the 13 states were asked whether they produce publicly Massachusetts Tennessee

available summaries of their state Superfund programs. M !Ch' gan Texas v
Missouri v/ Wisconsin

The Agency obtained the most recent annual state Superfund
reports for Missouri, New Jersey, New Y ork, and Texas anfi
obtained a printout of California's database for review.
Due to the significant time constraints associated with v = State had readily available information.
itsanalysis, the Agency did not pursue information from
other states, which lacked detailed, readily available
information on their Superfund program.

New Jersey v

Short published site descriptions for nearly 1,000 state Superfund sites from 5 states, California,
Missouri, New Jersey, New Y ork, and Texas, were reviewed to identify potential case studies that meet the Agency's
sdlection criteria. A total of 60 sites were identified as potential case studies. The Agency contacted the five
states by telephone to discuss the availahility of existing information on those 60 sites. Two states (New Y ork
and Texas) indicated that they had additional information readily available for review. The Agency visited these
states' Superfund offices to review and the additional information. The Agency identified one case study from New
Y ork as meseting all of the selection criteria.

2.1.2.3 Federal Superfund Program

5 Environmenta Law Ingtitute, "An Analysis of State Superfund Programs: 50-State Study, 1993 Update,” prepared for U.S.
Environmental Protection Agency's Office of Emergency and Remedial Response, December 1993.
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The Agency investigated several CERCLA data sources to identify releases relevant to the Scoping Study.
The vast mgjority of the CERCLA sites were not expected to meet the Agency's selection criteria for two reasons.
First, the majority of the sites are contaminated with RCRA hazardous wastes or with releases or spillsfrom
products. These siteswill not meet the Agency's selection criteria for source of release. Second, most of the
CERCLA sites contaminated with non-hazardous industrial wastes are also expected to be contaminated with
hazardous wastes. Therefore, it is unlikely that a non-hazardous industrial waste management unit will be
identified as the source of the release at a CERCLA site.

Duein part to the large number (over 1,300) of CERCLA National Priority List (NPL) sites and the
relatively small number of siteslikely to meet the Agency's three release selection criteria, the Agency
attempted to identify potential case study sites through telephone discussions with Regional EPA Superfund
personnel and Regional members of the National Association of Remedial Project Managers and the National On-Scene
Coordinator Association. Although the Regional Contacts agreed that the Agency should be able to identify at
least afew case studies from the CERCLA program, they often were unable to identify specific sites. EPA Superfund
staff in Region 4, however, identified two sites apparently meseting the Agency's selection criteria. The Agency
visited Region 4's Superfund office and reviewed and copied the relevant files for these two sites. One of the two
sites met the Agency's selection criteria.

The following federal Superfund data sources were also reviewed; however no releases meeting the Agency's
selection criteriawere identified:

Record of Decision (ROD) database;

CERCLA Natural Resource Damage Claims,

CERCLA Characterization Database; and

Exposure assessments performed by the Agency for Toxic Substances and Disease Registry
(ATSDR).

2.1.2.4 Construction and Demalition (C& D) Landfill Report

On May 18, 1995, EPA's Office of Solid Waste published a draft report entitled Damage Cases. Construction
and Demolition Waste Landfills. The report, prepared in support of EPA's rulemaking (60 Federal Register 30963,
June 12, 1995) on conditionally exempt small quantity generators (CESQG),® presents information on environmental
releases from construction and demolition (C& D) waste landfills, which receive materials generated from the
construction or destruction of structures such as buildings, roads, and bridges. One purpose of the report was to
determine whether the disposal of C& D waste in landfills has threatened or damaged human health or the
environment.

The May 1995 report used three criteriato select potential C& D waste landfill damage cases.

° The landfill received predominantly C& D waste, with or without CESQG waste mixed in.
C& D landfills known to have received significant quantities of municipal, industrial,
or hazardous wastes were excluded.

° The use of the site as a C&D landfill had to be the only potential source of the observed
contamination. Sites located near other potential sources of the contamination such as
underground storage tanks were excluded.

& Conditionaly exempt small quantity generators (CESQGS) are defined as generators of less than 100 kilograms per month of
hazardous waste. See 40 CFR 261.5.
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° There was documented evidence of groundwater contamination, surface water
contamination, or ecological damage at the site. "Contamination" was defined as an
increase in chemical constituent concentrations above background or an exceedence of an
applicable regulatory standard or criterion attributable to releases from the site.

In preparing the May 1995 report, the Agency searched for C& D landfills meeting these criteria using four
information sources. existing studies of C& D landfills, materials available through the federal Superfund
program, representatives of EPA Regions, and representatives of state and county environmental agencies.

The Agency identified 11 environmental releasesin the May 1995 report. Although one of the Agency's
criteria, aslisted above, was to diminate C& D landfills that received significant quantities of municipal or
hazardous wastes, 5 of the 11 landfills received municipal, special, or hazardous wastes. Therefore, for purposes
of thisreport, the Agency eiminated these five C& D landfill cases. Eliminating the landfills that managed even
small quantities of municipal, special, or hazardous waste, ensures that the reported damages were caused by the
non-hazardous industrial wastes, thereby meeting the Agency's selection criteria for the source of the release.

2.1.3 ReleaseProfile Preparation

The release profiles presented in Appendix A to the Scoping Study were prepared using a standard format.
Thisformat is discussed below. Because the release profiles were prepared under significant time congtraints
using readily available data, detailed descriptions of the facility, wastes, and waste management practices could
not be developed. The data often provided only a brief description of the facility and focused primarily on the
results of the environmental sampling conducted at the facility.

"Facility Overview" discusses the facility's operations, how long the facility was or has beenin
operation, the location of the facility, surrounding land uses, the geologic and hydrogeol ogic conditions at the
facility, and other environmental characteristics, provided thisinformation was available.

"Media Affected" identifies whether the damages are associated with groundwater, surface water, soil,
and/or ecological receptors.

"Wastes and Waste Management Practices" discusses the type(s) of wastes generated at the facility and the
practices employed to manage the wastes including descriptions of the individual waste management units and
groundwater monitoring practices, provided this information was available.

"Extent of Contamination” discusses the groundwater contamination, surface water contamination, and/or
soil contamination at the site. Constituents detected in groundwater or surface water above background levels are
identified and compared to applicable state and federal standards. The maximum detected concentration for all
tested constituents are given. In reporting exceedences of state or federal standards, EPA attempted to exclude
congtituents whose upgradient or background concentrations were as high as those in downgradient wells.

"Corrective Actiong/Regulatory Actions' discusses any corrective or regulatory actions that have been
recommended, planned, or taken at the site.

"Source"' simply identifies the information source(s) used to prepare the release profiles. Themain
source of information was the facility-specific files located in state offices.
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2.2 Results

This section discusses the findings of the review of release data. It begins by summarizing the 112
documented rel ease descriptions using the following five categories:

Number of cases by state;

Number of cases by industry;

Number of cases by type of waste management method;
Type of media affected; and

Type and level of contaminants.

Later chapters of thisreport also present these and additional rel ease description data.
2.2.1 Number of CasesBy State

The 112 releases described in this chapter were found in 12 states. Because this report is a Scoping
Study, these case studies were not intended to be geographically or statistically representative of the number of
known or potential releases of non-hazardous industrial wastes identified by the Agency. Although these case
studies are not statistically or geographically representative, they do illustrate the type of releases that have
occurred from non-hazardous industrial waste management units in various parts of the country, as shown in Exhibit
2-1. The case studies were selected based on the availability of data. Due to the limited time available to
collect data, the Agency largely focused its efforts on the states with the most available data on rel eases from
non-hazardous industrial waste management units. This process identified releasesin most areas of the nation,
except the northwest, northern mountain states, and midwest. The states in these regions either were unableto
identify any or identified few potential case studiesin the Agency's 1995 efforts to estimate the number of
potential releases from non-hazardous industrial waste management units by state.
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Exhibit 2-1
Number of Release Descriptions By State

The available data on facilities that manage non-hazardous industrial waste indicate that the states
addressed in this report manage some of the largest volumes of non-hazardous industrial waste. Also, seven of the
12 states represented in this report are among the 10 states with the largest number of on-site non-hazardous

industrial waste management unitsin 1985. Exhibit 2-2 identifies the number

c6n014-1.cdr

Number of Management Units & VOIE;h;tc))IftVzviste Managed On-Site, by State (1985)
Rank by Number of 1985 Volume Waste
Number of ManagementUnitsin M anaged Number of Release

Units State 1985% (Million tonsfyr.)? Descriptions

1 Cdlifornia 2,150 570 29

2 Texas 1,900 590 6

3 Wisconsin 1,720 60 22

4 Pennsylvania 1,475 940 1

5 Georgia 1,080 220 None

6 [llinois 1,005 265 None

7 Ohio 960 155 None

8 Vermont 940 5 None

9 Louisiana 890 170 7

10 North Carolina 855 240 6
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Exhibit 2-2 (continued)
Number of Management Units & Volume of Waste Managed On-Site, by State (1985)

Rank by Number of 1985 Volume Waste
Number of ManagementUnitsin Managed Number of Release
Units State 19852 (Million tonsfyr.)? Descriptions
12 Virginia 800 150 6
13 Michigan 785 210 4
14 New Y ork 740 30 8
15 Florida 740 310 7
21 Tennessee 510 245 9
41 New Mexico 140 10 7

aSource: "Telephone Screening Survey," U.S. Environmental Protection Agency, 1987.

of on-site management units and the volume of waste managed on-site in states. (See Chapter 8 for further
discussion of waste generation by industry.)

2.2.2 Number of CasesBy Industry

The releases documented in this report were from facilitiesin 15 2-digit Standard I ndustry
Classification (SIC) codes. (Industry data are presented at the two-digit level because more specific
classification were not readily available for many facilities.) Over 31 percent of the cases involve Electric,
Gas, and Sanitary Servicesfacilities (SIC 49). All of these facilities are in the refuse system sector (SIC
4953). Thetop four SIC codes are SIC 49: Electric, Gas, and Sanitary Services, SIC 26: Paper & Allied Products,
SIC 28: Chemical & Allied Products, and SIC 20: Food & Kindred Products. These four industry groups represent
nearly 75 percent of the releases studied or evaluated in thisreport. Exhibit 2-3 identifies the number of cases
by industry.

Exhibit 2-3
Number of Case Studies by Industry (SIC)

Electric, Gas, & Sanitary Services (49) 35 (31%)
Paper & Allied Products (26) 27 (24%)
Chemical & Allied Products (28) 11 (10%)
Food & Kindred Products (20) 10 (9%)
Primary Metal Industries (33) 6 (5%)
Nonmetallic Minerals, Except Fuels (14) 4 (4%)
Petroleum & Coal Products (29) 4 (4%)
Fabricated Metal Products (34) 3 (3%)
Transportation Equipment (37) 3 (3%)
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Exhibit 2-3 (continued)
Number of Case Studies by Industry (SIC)

Agricultural Production - Livestock (02) 2 (2%)
Electronic & Other Electric Equipment (36) 2 (2%)
Stone, Clay, & Glass Products (32) 2 (2%)
Apparel & Other Textile Products (23) 1(1%)
Instruments & Related Products (38) 1(1%)
Industrial Machinery & Equipment (35) 1(1%)

These findings are generally consistent with the Agency's previous finding that four industries, Paper and Allied
Products (SIC 26), Chemicals and Allied Products (SIC 28), Petroleum Refining & Related Industries (SIC 29), and
Primary Metal Industries (SIC 33), generated more than 68 percent of the 7.6 hillion tons of Industrial D waste
managed on-sitein 1985.” Although these case studies were identified based on available data and other selection
criteria, the number of casesidentified per industry and the volume of waste generated per industry appear to be
positively correlated.

2.2.3 Number of Cases By Type of Waste M anagement Unit

Four major types of land-based treatment and storage units were identified in the case studies:
landfills, surface impoundments, land application units, and waste piles. Exhibit 2-4 presents the number of case
studies by waste management unit. Several cases studies discuss more than one unit, therefore, the total number of
unitsis higher than the total number of case studies. Approximately 93 percent of the case studies involved
landfills and/or surface impoundments. Thisfinding may partly reflect the greater regulatory attention these
units receive from the states, rather than necessarily imply that these units have more frequent releases than
other types of waste management units. Over 90 percent of the landfills and 80 percent of the surface impoundments
included in the case studies are unlined and over 70 percent of the units are no longer being used to manage non-
hazardous industrial wastes.

All 50 states have devel oped regulations for surface impoundments. Approximately 90, 46, and 18 percent
of the states have developed regulations specifically for landfills, land application units, and waste piles,
respectively.® The large number of surface impoundments identified in this report is consistent with a finding of
EPA's 1987 Telephone Screening Survey that dlightly more than half of the facilities that generate and manage on-
site non-hazardous industrial waste managed their wastesin

"U.S. Environmental Protection Agency, Officeof Solid Waste, "Non-HazardousWaste M anagement: Priority Industries,” draft,
July 1993.

8U.S. Environmenta Protection Agency, Officeof Solid Waste, " State Requirementsfor Non-Hazardous Industrid Waste Management
Facilities, September 1995.
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Exhibit 2-4
Number of Case Studies By Waste M anagement Unit

Landfill 73
Surface Impoundment 31
Land Application Unit 12

Waste Pile 4

on-site surface impoundments. The 1987 survey aso indicated that 35 percent of the facilities managed their
wastes on-site in waste piles, 19 percent in landfills, and 18 percent in land application units.

Many states apply their non-hazardous industrial waste regulations on a site-by-site basis and,
therefore, not all facilitiesin a state are subject to the same data collection and recordkeeping requirements.
One recent report indicates that even states with waste pile regulations do not appear to be actively enforcing
control, monitoring, and closure requirements, which may partly explain the small number of release descriptions
for waste piles.’

The large number of landfills and surface impoundments in the release descriptions appears consistent
with the type of management units used by the primary industries included in this report. Reportedly, the food
processing industry has the largest number of non-hazardous industrial waste surface impoundments and land
application units.’*** Other major industries identified in this report with a large number of surface impoundments
and landfills include the paper, electric power, chemical, mining, and metal finishing industries.

224 Typeof Media Affected

Nearly 98 percent of the case studiesinvolved groundwater contamination. Approximately 31 percent of
the case studies involved contamination of surface water or soil. No case studies had documented damages from
releases to the air and nearly 30 percent of the case studies affected multiple media.

The predominance of groundwater contamination is consistent with the use of groundwater monitoring as the
most common method of detecting rel eases from waste management units. Surface water is hot as routinely monitored
as groundwater. Surface water sampling is seldom conducted at afacility until ardleaseisidentified. Soil
sampling is conducted much less frequently than groundwater monitoring, and like surface water sampling, is seldom
conducted until arelease has been identified. Few states regulate air emissions from non-hazardous industrial
waste management units. Thus, it is not surprising that no cases of damage from releases to the air were documented
in the case studies collected for this report.

° "State Regulation of Waste Piles, El Digest Industrial and Hazardous Waste Management,” April 1996, pages 16 to 21.

10"Nonhazardous Industria Surface Impoundments: State Regulations and the Environmental Marketplace," Environmental
Information, Ltd., 1996, pages 3to 7.

1"Sate Requirementsfor Nonhazardous Waste Land Application Units, El Digest Industria and Hazardous Waste Management,” May
1996.
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2.25 Typesof Contaminants Released

The number of and types of contaminants routinely analyzed for in groundwater and other types of samples
varies among states and facilities. Although most facilities included in the case studies were monitored for a
wide range of congtituents, the 20 constituents most commonly detected to exceed regulatory levels were
inorganics. Approximately 50 constituents were detected three or more times, and 70 constituents were detected
fewer than threetimes. Exhibit 2-5 identifies all of the TC constituents that were detected in the case studies,
Exhibit 2-6 presents al of the constituents with SMCL s that were identified in the case studies, and Exhibit 2-7
identifies the other constituents that were detected in at least three case studies. The exhibits also identify
the number of cases where each constituent was detected, the number of times the constituent was detected above at
least one regulatory level, the regulatory levels, the average maximum and the highest maximum detected
concentration identified in the case studies, and the range of the ratio of the highest detected constituent
concentrations to regulatory standards. Note, only constituents with regulatory standards are included in
Exhibits 2-5, 2-6, and 2-7.

Many inorganic constituents were elevated in groundwater monitoring wells. Constituents that exceeded
state groundwater protection standards or federal drinking water standards most frequently were:

° Iron (49 detections) ° Cadmium (17 detections)
° Chloride (32 detections) e Benzene (16 detections)

° Manganese (34 detection® Arsenic (15 detections)

° Sulfate (29 detections) ° Zinc (13 detections)

° Lead (22 detections) ° Aluminum (12 detections)
° Chromium (21 detectionsp Nitrate (12 detections)

Six of the constituents identified above (iron, chloride, manganese, sulfate, zinc, and aluminum) have drinking
water standards that are based only on SMCLSs.

A total of 25 TC constituents have been detected in the release descriptions. Exhibit 2-5 identifies 20 of
the 25 TC constituents detected. Five TC constituents (2,4,6-trichlorophenol, 2,4-dinitrotoluene, o-cresol, p-
cresol, and methyl ethyl ketone) were not included in Exhibit 2-5 because there were no federal or state standards
established for them. All but 2 of the 20 TC constituents identified in Exhibit 2-5 (carbon tetrachloride, 1,4-
dichlorobenzene) were detected above afederal or state standard. The majority (85 percent) of the TC
constituents detected above afederal or state standard exceeded the standards by at least 1 time, 60 percent
exceeded by 10 times, 50 percent exceeded by 100 times, 20 percent exceeded by 1,000 times, 10 percent exceeded by
10,000 times, and none exceeded by at least 100,000 times. The average maximum detected concentrations for five of
the TC congtituents (arsenic, benzene, selenium, vinyl chloride, and lindane) exceeded the TC
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Exhibit 2-5

TC Contaminants Detected in Case Studies

Case Studies with Ratio of Highest
Detected Range of AverageVlaimum | HighestMaximum Detected
Case Studies | ConcentrationsAbove | Federal/State Detected Detected Concentration to
TC Level | WithDetected Federal/ State Standards Concentration | Concentration Federal/State
Congtituent (mgll) Congtituents Standards (mgll) (mgll) (mgll) Standards
Lead 5 37 22 0.0015 - 0.05 13 28 560 - 18,667
Chromium 5 36 21 0.01-0.1 2.3 58 580 - 5,800
Arsenic 5 29 15 0.005 - 0.05 28.4 595 11,900 - 119,000
Cadmium 1 28 17 0.0004 - 0.005 0.2 3 600 - 7,500
Barium 100 28 11 02-2 311 630 315- 3,150
Benzene 0.5 23 16 0.0005 - 0.001 14 15 15,000 - 30,000
Mercury 0.2 19 6 0.0002 - 0.002 0.002 0.007 35-35
Selenium 1 18 6 0.01-0.05 2.2 27 540 - 2,700
Trichloroethylene 0.5 15 7 0.0005 - 0.005 0.03 0.14 28 - 280
Vinyl chloride 0.2 13 6 0.0002 - 0.002 29 8.6 4,300 - 43,000
Silver 5 12 3 0.01-0.1 0.006 0.01 01-1
Chlorobenzene 100 9 2 0.05 0.025 0.05 1
Chloroform 6 8 2 0.0006 - 0.08 0.11 0.4 105 - 667
Tetrachloroethylene 0.7 7 3 0.005 0.0085 0.026 5
1,4-Dichlorobenzene 75 5 0 0.015- 0.075 0.017 0.035 05-23
Carbon tetrachloride 0.5 4 0 0.005 0.0017 0.004 0.8
Pentachlorophenol 100 2 2 0.001 0.036 0.063 63
Lindane 0.4 2 2 0.0002 0.66 12 6,000
1,2-Dichloroethane 0.5 2 2 0.005 0.016 0.02 4
Heptachlor 0.008 1 1 0.0004 0.002 0.002 5
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Exhibit 2-6

Contaminantswith SM CL s Detected in Case Studies

Case Studieswith

Ratio of the Highest

Detected Average Maximum | Highest Maximum Detected
Case Studies With | ConcentrationsAbove Range of Detected Detected Concentration to

Detected Federal/State Federal/State Concentration Concentration Federal/State
Constituent/ Propert Congtituents Standards Standards (mg/l) (mgll) (mgll) Standards
pH 66 24 6.5-85 5.4 124 15-19

(unitless) (unitless) (unitless)

Iron 54 49 0.15-0.3 244 4,400 14,667 - 29,333
Chloride 52 32 125- 250 1,825 37,200 149 - 297
Sulfate 50 29 125- 500 2,273 26,000 52 - 208
Total dissolved 48 30 500 - 1,000 7,033 98,164 98- 196
solids
Manganese 39 34 0.0025- 0.3 10 97 323-3,880
Zinc 33 13 0.05-5 20 262 52 - 5,240
Copper 17 2 0.13-1.3 0.15 0.9 07-7
Aluminum 12 12 0.05-0.2 235 1,933 9,665 - 38,660
Fluorides 12 4 044-4 12 98 25-223
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Other Contaminants Detected in At Least Three Case Studies

Exhibit 2-7

Case Studieswith

Ratio of the Highest

Detected Average Maximum | Highest Maximum Detected
Case Studies With | ConcentrationsAbove Range of Detected Detected Concentration to
Detected Federal/State Federal/State Concentration Concentration Federal/State

Constituent Congtituents Standards Standards (mg/l) (mg/l) (mg/l) Standards
Sodium 40 8 20 -160 1,292 15,600 98 - 780
Nitrate 33 12 2-10 46 560 56 - 280
Magnesium 32 3 35- 420 140 1,495 4-43
Toluene 20 7 0.07-1 0.62 6.7 7 - 96
Phenol 18 10 0.001-1.2 6.3 60 50 - 60,000
Ammonia 16 2 2 55.3 410 205
Nickel 14 4 0.08-0.1 0.1 0.5 5-6.3
Nitrite 11 9 1 18.9 64 64
Xylenes 10 1 0.124- 10 2 4.8 0.5-39
1,1-Dichloroethane 10 0 0.7 0.18 1 1
Acetone 9 1 0.7 1.4 10.6 15
Nitrogen 8 0 2-10 8.1 57.6 6 - 29
Dichloromethane 7 4 0.005 - 0.015 0.6 4 267 - 800
Ethylbenzene 7 3 0.14-0.7 0.3 0.9 13-64
Vanadium 7 0 0.014 0.1 0.4 31
cis-1,2- 7 3 0.07 0.081 0.24 3
Dichloroethylene
Beryllium 7 6 0.004-1.1 0.25 17 2-425
Cyanide 6 2 0.04-0.2 0.09 0.4 2-10
Boron 6 1 29 40.4 82 28
Cobalt 5 0 0.005 0.083 0.16 32
Naphthalene 5 1 0.008 3.3 14.2 1,775
Antimony 5 4 0.006 0.67 3 500
trans-1,2- 4 1 0.01 0.0016 0.052 5
Dichloroethylene
Thallium 4 2 0.002 0.0048 0.01 5
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regulatory levels established for these constituents and the highest maximum detected concentrations for over half of the identified TC constituents exceed TC
regulatory levels.

All SMCLsor similar state standards, except those for foaming agents, color, odor, and corrosivity, were violated by one or more release
descriptions. As shown in Exhibit 2-6, the majority (90 percent) of the SMCL constituents exceeded the standards by at least 1 time, 80 percent exceeded by 10
times, 40 percent exceeded by 100 times, 20 percent exceeded by 1,000 times, 10 percent exceeded by 10,000 times, and none exceeded by at least 100,000 times.
(Because silver hasboth a TC level and an SMCL, it isincluded in Exhibit 2-5 with the other TC constituents.) SMCLs are based on aesthetic considerations
(e.g., taste and odor) and are not federally enforceable. Therefore, exceedences of the SMCLs do not necessarily indicate a potential danger to human health
or the environment. Sixteen of the case studies (14 percent) were identified based only on an exceedence of an SMCL. Thistype of contamination is discussed
further in Chapter 5.

Exhibit 2-7 identifies 24 other constituents that were detected in the release descriptions. All but four of the constituents in Exhibit 2-7 (1,1-
dichloroethane, nitrogen, vanadium, and cobalt) were detected above afederal or state regulatory level. Half (50 percent) of these other constituents
exceeded one of the standards by at least 10 times, 13 percent exceeded by 100 times, 4 percent exceeded by 1,000 times, and none exceeded by at least 10,000
times.

Constituents managed in landfills were detected in samples nearly three times more frequently than constituents managed in surface impoundments. All
of the constituents presented in Exhibits 2-5, 2-6, and 2-7 are associated with wastes managed in landfills. Approximately 81 percent of the constituents are
associated with both landfills and surface impoundments, 33 percent are associated with landfills, surface impoundments, and land application units, 33
percent are associated with landfills, surface impoundments, and waste piles, and 12 percent are associated with al 4 waste management units. The
congtituents that are associated only with landfills are antimony, beryllium, boron, cobalt, cyanides, silver, and thallium.

Exhibit 2-8 identifies the 10 constituents for each of the 6 industries that were identified most frequently in the case studies. Asthe exhibit
illustrates, inorganics are the most commonly detected chemicals. The commonly detected constituents are chloride, pH, iron, lead, total dissolved solids,
manganese, sulfate, magnesium, zinc, and arsenic.

2.3 Major Limitations

The findings presented in this chapter must be interpreted with care for several reasons, including the limited time available to collect data,
potentially unrepresentative data, and the Agency's stringent release selection criteria. Each of these major limitations is discussed in detail below.

Data were collected under significant time constraints. The significant amount of data included in this chapter were collected and analyzed over a
four-month period. During this time the Agency reviewed previoudly collected data, readily available databases, and reports; identified and contacted
appropriate state and federal personnel; visited state and EPA Regional offices; reviewed facility files; prepared case study summaries; developed a database
to analyze the data; performed QA/QC on the data; sent draft case studies to states and facilities for review; prepared a draft report for public review; and
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incorporated comments into the report, as appropriate. Due to the time constraints of the consent decree, the
Agency had to carefully prioritize its efforts and, in doing so,
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Exhibit 2-8
Most Common Constituents By Industry

Industrial Classification Code Number of Case Studiesin Which the
(SIC) Constituent Constituent Was Detected
Refuse Systems (495) pH’ 19
Iron’ 14
Manganese’ 13
Sulfate’ 13
Lead 12
Chloride’ 11
Magnesium 10
Nitrate 10
Total dissolved solids’ 10
Trichloroethylene 10
Paper & Allied Products (26) | pH’ 22
Chloride’ 21
Iron’ 21
Sulfate’ 20
Sodium 15
Calcium carbonate 12
Calcium 11
Magnesium 11
Zinc 11
Total dissolved solids’ 10
Chemica & Allied Products (28)Benzene 7
Chromium 7
Iron’ 7
Lead 6
Manganese’ 6
Sulfate’ 6
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Exhibit 2-8 (continued)
Most Common Constituents By

Industry

Industrial Classfication Code
(SIC)

Constituent

Number of Case Studiesin Which the
Constituent Was Detected

Chemica & Allied Products (2
(Cont.)

B)Total dissolved solids’

Zinc

Arsenic

Chloride

Food & Kindred Products (20)

Nitrite

Nitrate

Nitrogen

pH’

Total dissolved solids’

Total filterable residue

Calcium

Chloride

Magnesium

Sodium

Non-Metallic Mineras, Except
Fuels (14)

Arsenic

Iron’

Lead

Manganese’

pH’

Cadmium

Chloride

Copper

Nickel

Potassium

W W W w WSO e o o O O
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Exhibit 2-8 (continued)
Most Common Constituents By Industry

Industrial Classfication Code Number of Case Studiesin Which the
(SIC) Constituent Constituent Was Detected

Primary Metal Industries (33) | Lead 4

Chromium

Aluminum

Arsenic

Barium

Cadmium

Chloride

Mercury
Nickel

N IN NN NN NN W

Zinc

" Congtituents with Secondary Maximum Contaminants.

may have eliminated or missed a number of potential case studies that could have been included in the report if
additional data were available and/or additional time was spent collecting and reviewing data.

Data may be unrepresentative and/or out-of-date. In this report, the Agency did not attempt to estimate
the proportion of non-hazardous management facilities currently experiencing constituent releases. Due primarily
to the limited time available for data collection and analysis, the Agency relied upon readily available data. The
Agency did not perform any new sampling or collect new data from facilities managing non-hazardous industrial
wastes. Nor did the Agency perform a comprehensive review of previoudly collected state and federal datafor all
non-hazardous industrial waste management facilities. State file reviews were conducted in one to three days per
state and were limited to those states that indicated having files of release incidents that met the Agency's
sdlection criteria. Although the collection of release descriptionsis not statistically representative in any
way, these cases are indicative of the type of releases associated with the management of non-hazardous industrial
waste.

Because only readily available data were analyzed, the data may not reflect current waste generation and
management practices at the particular facility. Environmental contamination resulting from waste disposal
practices may take many years to become evident; some releases described in this report occurred over 20 years ago.
The documented rel eases may have resulted from particular waste generation and disposal practices or other
conditions that no longer exist. Specifically, process feedstocks, processing operations, waste characteristics,
and/or waste management practices may have changed. Facilities may no longer manage their wastesin unlined units
or in environmentally sensitive areas. Therefore, rel eases associated with awaste do not necessarily demonstrate
that current waste management practices or regulations need to change. Conversely, the failure of asite to
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exhibit documented damages at present does not necessarily suggest that waste management has not or will not cause
damage. The Agency, however, believes that information on dangers posed by past waste management practicesis
useful in demonstrating the potential for human health or environmental damages.

The extent to which the findings can be used to draw conclusions concerning the relative performance of
waste management practices among states or acrossindustry sectorsis also severdly limited by variationsin
recordkeeping, monitoring, and other state requirements. Recordkeeping and monitoring procedures vary
significantly among the states. Severa states have complete and up-to-date central enforcement or monitoring
records on facilities that generate and manage non-hazardous industrial wastes. Where states have such records,
information on releases may bereadily available. Thus, states with the most complete and accessible monitoring
information on non-hazardous industrial wastes may appear to have more rel eases than states with less centralized
information management programs.

Stringent selection criteria. The Agency developed stringent selection criteriato help focus its data
collection efforts and to avoid any misrepresentation of release incidents. By focusing solely on releases
clearly associated with non-hazardous industrial waste management units, the Agency excluded numerous release
incidents caused by accidental releases and spills of products. Although these incidents may have been caused by
hazardous constituents similar to those managed in non-hazardous industrial waste management units, and may pose
similar hazards, the Agency did not analyze these cases, largely because of the inability of RCRA to prevent
product rel eases.

The Agency aso excluded release incidents that could not be linked to specific facilities. Thus, cases
of groundwater and surface water contamination caused by multiple facilities were excluded because the source of
the releases could not be associated with specific facilities or waste management units.

The Agency a so excluded numerous rel ease incidents associated with facilities that manage hazardous,
municipal, or special wastesin addition to non-hazardous industrial waste. Facilities that manage hazardous,
municipal, or special wastes frequently co-dispose of their non-hazardous industrial wastesin the same or
adjacent waste management units. Dueto the close proximity of these different units, sampling results generally
cannot identify the specific unit associated with the release. Thus, the Agency excluded cases where non-
hazardous industrial waste was managed in the same or adjacent waste management units as hazardous, municipal, or
special wastes, because the source of the release could not clearly be associated with the non-hazardous
industrial waste.
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CHAPTER 3. POTENTIAL GAPSASSOCIATED WITH
HAZARDOUSWASTE CHARACTERISTICSDEFINITIONS

This chapter examines how well the existing hazardous waste characteristics address the types of risk
they were intended to address, that is, their target risks. It also addresses certain other or non-target risks
that are closely associated with the definitions of the hazardous characteristics. This evaluation of potential
gaps begins by examining the characteristics' definitions and test methods. This approach is used for two
reasons. First, limitationsin the characteristics effectivenessin reducing their target risks may themselves
congtitute important potential gaps. When the characteristics were promulgated, the Agency identified physical
hazards and acute toxic hazards during transport and disposal activities, along with chronic exposure to
groundwater contaminated with specific waste constituents, as being among the most important waste management
risks. Reducing these risks remains an important goal of the characteristics. Second, this analysis laysthe
groundwork for evaluating other potential gaps. Specifically, risk-based screening methods are used to evauate
non-target risks from non-ground-water pathways associated with the toxicity characteristic (TC) analytes. The
findings of that analyses are used to identify potential gaps associated with awider universe of known and
possible non-hazardous industrial waste constituents, as discussed in Chapter 4.

This chapter revisits many of the assumptions and approaches used to devel op the existing hazardous waste
characteristics. Theignitability, corrosivity, and reactivity (ICR) characteristics are essentially unchanged
sincetheir initial promulgation in 1980. The TC characteristic was revised in 1990, but has not changed
materially since then. Potential gapsin these characteristics may be identified if the state of knowledge about
risks addressed by the characteristics has improved since the characteristics were promulgated; risks that were
not specifically addressed may now be identified as more important, such as risks from rel eases to surface water,
inhalation, and indirect pathways and ecological risks. In addition, the tests used to identify wastes with
hazardous characteristics do not reliably identify all of the risks the characteristics were intended to address.

The following sections address these issues. Section 3.1 reviews the statutory and regulatory language
related to the types of risks the hazardous waste characteristics were intended to address and discusses the major
categories of waste management risks addressed and not addressed by the current characteristics. Sections 3.2
through 3.4 discuss potential gaps associated with the ignitability, corrosivity, and reactivity characteristics,
respectively. In addition, a detailed comparison of the ICR characteristics can be found in Appendix C. Section
3.5 discusses the potential gaps associated with the toxicity characteristic, including updated risk information
on the TC analytes. Section 3.6 evaluates the toxicity characteristic leaching procedure (TCLP) as a predictor of
constituent releases and potential risk.

31 Types of Risks Addressed by RCRA Hazardous Waste Char acteristics
3.1.1 Statutory and Regulatory Framework

The RCRA hazardous waste characteristics are a vital part of the comprehensive program of hazardous waste
management established by Subtitle C of RCRA, as amended. Three provisions of the RCRA statute are particularly
relevant to identifying and expanding the hazardous waste characteristics (and listing hazardous wastes).

° First, Section 1004(7) defines hazardous waste as "a solid waste, or combination of
solid wastes, which because of its quantity, concentration, or physical, chemica, or
infectious characteristics may (A) cause, or significantly contribute to an increasein
mortality or anincrease in seriousirreversible, or incapacitating reversible,
illness; or (B) pose a substantial present or potential hazard to human health or the
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environment when improperly treated, stored, transported, or disposed of, or otherwise
managed.” This definition indicates the general types of risks that the hazardous waste
management regulations are meant to address.

° Second, Section 3001(a) requires EPA to "develop and promulgate criteriafor
identifying the characteristics of hazardous waste, and for listing hazardous wastes, .
.. taking into account toxicity, persistence, and degradability in nature, potential
for accumulation in tissue, and other related factors such as flammahility,
corrosiveness, and other hazardous characteristics. Such criteria shall be revised
from time to time as may be appropriate.”

° Third, Section 3001(b) requires EPA to "promulgate regulations identifying the
characteristics of hazardous waste, and listing particular hazardous wastes, . . .
which shall be based on the criteria promulgated under [Section 3001(a)] and shall be
revised from time to time thereafter as may be appropriate." The Section also requires
EPA to "identify or list those hazardous wastes which shall be subject to the [hazardous
waste regulations] solely because of the presence in such wastes of certain congtituents
(such as identified carcinogens, mutagens, or teratogens) at levelsin excess of levels
which endanger human health."

In response to the mandate of Section 3001(a), EPA promulgated two sets of criteriafor identifying the

characteristics of hazardous waste in 40 CFR 261.10(a). Thefirst set of criteriareflects the statutory
definition of hazardous waste and the types of risks that the characteristics are intended to address:

"(1) The solid waste may

(i) cause, or significantly contribute to, an increase in mortality or an increasein
seriousirreversible, or incapacitating reversible, illness; or

(i) pose asubstantial present or potential hazard to human health or the environment
when it isimproperly treated, stored, transported, disposed, or otherwise managed."”

The second set of criteria considers implementation factors:
"(2) The characteristic can be
(i) measured by an available standardized test method which is reasonably within the
capability of generators of solid waste or private sector |aboratories that are

available to serve generators of solid waste; or

(i) reasonably detected by generators of solid waste through their knowledge of their
waste."

As stated in the May 19, 1980, final rule, EPA adopted the second set of criteria because the primary
responsibility for determining whether wastes exhibit a characteristic rests with generators, for whom standard
and available testing protocols are essential.> This Scoping Study addresses these criteria for the current

1 45 Federal Register 33108-33110, May 19, 1980.
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characterigticsin only a general way. The Agency, however, will carefully consider these factors when deciding
the appropriate course of action for addressing any potential gaps in coverage that are identified in this Study.

The following sections review the nature of the risks to human health and environment potentially posed by
non-hazardous industrial waste management. These risks are associated with physical hazards, acute toxic hazards
to humans, chronic toxic hazards to humans, risk to non-human receptors, and other hazards. Inthe discussion
below, risks addressed by the hazardous waste characteristics are distinguished from those risks not directly or
adequately addressed. The purpose of this section isto develop a preliminary list of possible gapsin the
characteristics. At this stage, few judgments are made as to the nature and severity of any potential gaps.

Instead, the remainder of this Report investigates these potential gaps.

3.1.2 RisksAssociated with Physical Hazards

Physical hazards include agents that cause direct physical harm such as thermal burns, wounds,
contusions, or eye injuries, in contrast to agents causing harm through chemical burns or toxic effects. These
hazards are controlled primarily through the ignitability, corrosivity, and reactivity (ICR) characteristics.
EPA patterned these characteristics after similar regulations promulgated by the U.S. Department of
Transportation, the National Fire Protection Association, and other organizations.

The ICR characteristics are intended primarily to protect waste management and transportation workers
against hazards often associated with hazardous materials. These hazards include flammability, explosivity, and
the propensity to react violently with other wastes, corrode containers, and directly injure skin and eyes during
transport or management activities. In addition, these characteristics are intended to prevent the facilitated
release and transport of hazardous waste constituents. For example, the corrosivity test is designed, in part, to
identify wastes that, because of their acidity or basicity, may facilitate the solubilization of metals from
wastes. This solubilization increases the potential impact of metalsin groundwater, thereby increasing the
likelihood of risksto human health via contaminated groundwater.

For the purposes of this Scoping Study, the question is: What physical risks may arise from the management
of non-hazardous industrial wastes that are currently not covered by the characteristics? Several potentially
significant physical risks are not effectively addressed by the hazardous characteristics. Some of the potential
gaps arise from specific definitions of the ICR characteristics. These potential gaps, which are discussed in
more detail in Sections 3.2 through 3.4, include:

° The lack of coverage of corrosive solids;
° The decision not to address liquids with moderate flash points;
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° Limitations in the test procedures prescribed for reactivity; and
° Potential limitations of pH as an adequate indicator of corrosivity.

These issues relate to protecting waste management and transportation workers from physical injuries, except
where explosions or fire might release toxic particulates that could harm nearby residents. Physical hazards to
residents near management facilities are not considered, based on the assumption that the general public has
limited access to non-hazardous industrial waste management facilities.

Other physical concernsrelate to facilitated pollutant transport. For example, the corrosivity
characteristic was not intended to address corrosion to liners or any materials other than steel or to prevent
facilitated transport of organic chemicals through solubilization in discarded solvents. EPA considered, and
decided to omit, a“solvent override’ provision in the 1990 TC rule that would have classified as hazardous wastes
with more than a specified concentration of hazardous organic solvents. The Agency, however, |eft open the
possibility that such a provision could be reconsidered if additional datawarrant it.2 A related issueisthe
potential formation of dense and light non-aqueous phase liquids (DNAPLsand LNAPLS). They are a potential
concern both because they may facilitate pollutant transport and they have the potentia for damaging groundwater
resources and generating high remediation costs. Section 4.4 discusses the issue of DNAPL and LNAPL formation.

3.1.3 AcuteToxic Hazardsto Humans

The hazardous waste characteristics address some potential health risks from acute exposures to toxic
chemicals. They limit the potential for release of toxic chemicals during transportation, storage, treatment, and
disposal and resulting from fires, explosions, or violent reactions. There are no specific quantitative
benchmarks that define acceptable acute exposure limits, however. The main focus of the ICR characteristicsis on
protecting workers, although the general public isimplicitly protected under the assumption that protecting on-
site workers would protect more distant resident populations as well. Sections 3.2 through 3.4 discuss potential
gapsin the ICR characterigtics.

The characteristics were not intended to protect against other acute systemic toxicity hazards. Direct
contact with awaste, in theory, could result in the absorption of an acutely toxic dose of a waste constituent from
anon-corrosive waste. The Agency, however, considered this scenario to be highly improbable for non-hazardous
industrial waste mismanagement. Similarly, acute exposures via contaminated surface or groundwater are possible,
but were considered much less likely to be important than chronic toxicity under most circumstances. Because the
TC focuses on the groundwater pathway, with the attendant long-term transport and dilution of pollutants, EPA
assumed that chronic exposures would be dominant in determining the potential for adverse health effects. Section
3.5.6 discusses the potential for acute adverse effects of exposure to the TC analytes and Section 4.6 addresses
acute risks from non-TC constituents.

3.1.4 Chronic Toxicity Risksto Humans

As noted above, EPA intended the TC to be the major vehicle for controlling chronic health risks, although
the reactivity and corrosivity characteristics also were intended to prevent releases that facilitate exposure to
waste constituents. Although RCRA Section 3001 identifies arange of types of toxic effects of concern (toxicity,
carcinogenicity, mutagenicity, and teratogenicity), the implementation of the TC islimited to 40 chemicals for
which toxicity and groundwater fate and transport data were available when the Agency revised the characteristic
in 1990. In addition, the levels of protectiveness achieved by the TC leachate concentration standards were
determined using fate and transport models and assumptions that were current at thetime. To the extent that the

255 Federal Register 11809, March 29, 1990.
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toxicity data and groundwater fate and transport models have changed or improved in the six years since the TC was
promulgated, its expected level of protectiveness may also have changed. Section 3.5 discusses in detail

potential gaps associated with the level of protectiveness of the TC in light of recent advances in toxicology and
groundwater modeling.

The TC was not intended to address several potentially important risks. These risks have been identified
as significant contributors to risks from some hazardous waste constituents and management technologies, and
might apply to non-hazardous industrial waste management aswell. Probably the most important risks potentially
not directly addressed by the TC are associated with exposure pathways other than groundwater. The TC did not
attempt to address these risks because groundwater was thought to be the dominant risk pathway for waste
management. Upon re-examining potential non-hazardous industrial waste management and mismanagement scenarios,
however, EPA recognizes that other pathways also may be important.

One pathway not directly addressed by the TC is the direct inhalation of volatile or particul ate-bound
waste constituents to air from waste management units during normal operation or after closure. Such exposures to
on-site workers and off-site receptors through direct inhalation may be significant for some congtituents. Other
potentially important pathways include the surface water pathway and “indirect” pathways arising from air
releases (e.g., air deposition to crops), runoff, and the discharge of contaminated groundwater to surface water.
Also, bioaccumulation of certain contaminants in aquatic and/or terrestrial food chains could result in human
exposures through the consumption of contaminated fish, shellfish, livestock, and game animals. In Section 3.5, a
screening-level risk assessment and other information clarify the significance of these pathways for the TC
analytes. Chapter 4 extends the screening-level analysisto non-TC constituents.

3.1.5 RiskstoNon-Human Receptors

Neither the TC nor the ICR characteristics were established specifically to reduce risks to non-human
receptors. Such risk reduction, to the extent that it occurs, is a byproduct of the control of human health risks.
For example, by preventing pollutant releases from fires and explosions or reducing pollutant transport, the
characteristics protect the environment as well as human health. The quantitatively-defined levels of protection
incorporated into the TC leachate concentration limits were based on human toxicity considerations; they do not
consider toxicity to non-human receptors. While the exposure levels accepted as protective of human health may be
generally protective of wildlife populations, notable exceptions arise both from the ecotoxicological properties
of some chemicals and from differences between human and non-human receptor exposure patterns.

The question therefore can be asked: To what extent isthe TC protective of ecological receptors? Asin
the case of human health risks, the TC does not directly protect against risks from chemicals not onthe TC list.
Similarly, it is not clear how protective the existing TC levels are for the various exposure pathways that are
most important for aguatic and terrestrial receptors. In the case of ecological receptors, asisthe case for
human health, both direct and indirect exposure pathways may be significant. These issues are addressed in more
detail in Section 3.5 and Chapter 4 of this report.

Page 3-5



3.1.6 Other Risks Associated with Non-Hazardous | ndustrial Waste M anagement

In establishing the existing hazardous waste characteritics, the Agency focused exclusively on human
health risks directly associated with local effects of accidents and on chemical contamination of the environment
in the near vicinity of the management units. In Chapter 5 of this study, EPA has taken a broader view, and has
expanded the scope of the risk identification to include risks other than those originally considered, even
indirectly, in establishing the hazardous waste characteristics. These additional categories of risks include
damages to natural resources and contributions to large-scal e environmental problems.

Non-hazardous industrial waste management has the potential to adversely affect the value or utility of
natural resources, such as wetlands, groundwater, and air, without posing human health risks. For example,
releases from non-hazardous industrial waste management units have polluted previously usable groundwater with
congtituents generally not considered toxic, such asiron, manganese, chloride, and total dissolved solids. The
regulatory criteria violated by these releases, such as Secondary Maximum Concentration Levels (SMCLS) devel oped
under the Safe Drinking Water Act, are not directly health-related, but relate instead to the aesthetic properties
or usability of thewater. Therefore, even though no health risk is predicted, the water is rendered unusable and
the environment isthereby damaged. Similarly, odor from non-hazardous industrial waste management may be seen as
an air resource damage, reducing the quality of life for affected individuals, even in the absence of direct health
effects.

The last category of risks are associated with the possible contribution of non-hazardous industrial
waste management to large-scale environmental problems, including:

Air deposition to the Great Waters;

Damages from airborne particul ates,

Global climate change;

Potential damages from endocrine disruptors;

Red tides;

Stratospheric ozone depletion;

Tropospheric ozone and photochemical air pollution; and
Water pollution.

The possible relationship between non-hazardous industrial waste management and these risks is less clear than for
the previoudly identified risks.

As summarized in Exhibit 3-1, Section 3.1 has presented an intentionally broad inventory of potential
risks to human health and the environment associated with the management of non-hazardous industrial wastes not
currently identified as hazardous. Thislist provides a catalogue of risks for evaluation against the existing
characteristicsin the rest of this chapter and the following chapters.
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Exhibit 3-1. RisksPotentially Associated with Non-Hazar dous Industrial Waste M anagement

Types of Risks

RisksIntended tobeAddresssd

By Characteristics

Risks Not Intended to be Addressed by Characteristics

Physical Hazard

Se

Burns and injuries to wastg
management and
transportation workers
from fire, explosions, and
violent reactions

Skin, eyeinjury from
direct contact with
corrosive substances
(workers)

Facilitated transport of
chemicals (primarily
inorganics) in groundwater

» Physical injuriesto the general public
» Facilitated transport of organics from solubilization
» DNAPL/LNAPL generation

Acute Toxicity
Risksto Human

Adverse effects from
inhalation of toxic gases
and particulates (workers)

« Inhalation of toxic gases and particulates by public
e Acute health risks from other exposure pathways (direct contact,
ingestion of contaminated water or food)

Chronic Toxicit
Risksto Human

Risks of cancer and non-
cancer effectsfrom
consumption of groundwat|
contaminated by TC
constituents (public)

« Chronic health risks to workers
» Chronic risks from exposures to non-TC chemicals (public and
workers)
» Chronic risks associated with non-groundwater pathways:
-- inhalation of volatilized materials and particul ates other than
those rel eased from fire or explosion
-- ingestion of surface water contaminated by runoff or groundwater
discharge
-- risks to public from direct contact with waste, contaminated
soil, and in direct pathways (ingestion of contaminated crops,
fish, game)
» Risksfrom specific types of toxins:
-- reproductive toxins
-- endocrine disruptors

Toxic Risksto | -- » Aquatic toxicity
Nonhuman » Toxicity to terrestrial organisms
Receptors  Sediment toxicity
» Bioaccumul ation/biomagnification
» Groundwater exposure
Other Risks -- » Damagesto groundwater, surface water, and air affecting their

usability or quality

» Non-hazardousindustrial waste management contribution to larg
scale environmental problems, such as air deposition to the Gri
Waters, damages from airborne particulates, global climate ch;ﬂe,
potential damages from endocrine disruptors, red tides,
stratospheric ozone depletion, tropospheric ozone and
photochemical air pollution, and water pollution.

Nd

Page 3-7



3.2 Ignitability Characteristic

This section describes potential gaps related to the definition of the RCRA ignitability characteristic
and itstest methods. The basic approach taken in identifying potential gaps for ignitability aswell asfor
corrosivity and reactivity wasto review the original 1980 rulemaking record and to compare the characteristic to
approaches taken to controlling similar hazards under other regulatory schemes, including the U.S. Department of
Transportation's (DOT's) hazardous materials regulations, the U.S. Occupational Safety and Health
Administration's (OSHA's) worker health hazards standards, and state hazardous waste management standards.

3.2.1 Déefinition of Ignitability

Theignitability characteristic isintended to “identify wastes capable of causing fires during routine
transportation, storage and disposal, and wastes capable of exacerbating afire once started." These risks
include generally recognized fire hazards to waste management and transportation workers, such as burns and
inhalation smoke or fumes, and the potential generation and facilitated transport in air of toxic particulates and
fumes that could harm the general public. According to 40 CFR 261.21, a solid waste exhibits the characteristic of
ignitability if arepresentative sample of the waste has any of the following properties:

° Isaliquid, other than an agueous solution containing less than 24 percent alcohol by
volume and has flash point less than 60°C (140°F), as determined by:

- A Pensky-Martens Closed Cup Tester, using the test method specified in ASTM
Standard D-93-79 or D-93-80 (incorporated by reference, see § 260.11),

- A Setaflash Closed Cup Tester, using the test method specified in ASTM standard
D-3278-78 (incorporated by reference, see § 260.11), or

- An equivalent test method approved by the Administrator under procedures set
forth in 88 260.20 and 260.21;

° Isnot aliquid and is capable, under standard temperature and pressure, of causing fire
through friction, absorption of moisture or spontaneous chemical changes and, when
ignited, burns so vigorously and persistently that it creates a hazard;

° Is an ignitable compressed gas as defined in 49 CFR 173.300 and as determined by the test
methods described in that regulation or equivalent test methods approved by the
Administrator under 88 260.20 and 260.21; or

° Isan oxidizer as defined in 49 CFR 173.151.

3.2.2 Potential Gaps Related to Definition of Ignitability

Potential I gnitability Gaps

» Excludes DOT Combustible Liquids (liquids with flash point above 140 but below 200 degrees Fahrenheit)

» Excludes Aqueous Flammable Liquids (alcohol solutions of concentrations < 24 percent) that are capable of flaghing,
but not supporting combustion

» References outdated DOT Regulations

» No test methods for non-liquids
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Liquidswith flash point at or above 140 “F not covered. The RCRA ignitability characteristic includes
liquid wastes with flash point less than 60°C (140°F). When promulgating the original characteristic, EPA
acknowledged choosing a definition for ignitable liquid wastes that excluded some potential wastes that would meet
the definition of hazardous materials under DOT regulations. The DOT definition of flammable liquid includes
liquids with flash point not more than 60.5°C (141°F), or any materia in liquid phase with aflash point at or
above 37.8°C (100°F) that isintentionally heated and offered for transportation or transported at or aboveits
flash point in abulk packaging. The DOT definition of combustible liquid includes liquids with flash point above
60.5°C (141°F) and below 93°C (200°F). Thus, the RCRA ignitability characteristic covers wastes that would be
classified as DOT flammable liquids, but not DOT combustible liquids. Consistent with DOT regulations, OSHA
includes such "combustible" liquidsin its definition of health hazard, and Rhode |sland regulates them as
hazardous wastes.

In a background document supporting the promulgation of the original characteristics,® EPA stated that
the RCRA ignitability flash point limit of 140°F reflects conditions likely to be encountered during routine waste
management. In support of this conclusion, the Agency referenced seven studies documenting temperatures and
conditions at waste management units. The information available to the Agency at the time was limited, however.
Furthermore, two of these studies reported temperatures of greater than 140°F. One study reported temperatures of
approximately 160°F near the surface of alandfill, noting that aerobic conditions near the surface of landfills
often result in relatively high temperatures.

Data are still limited regarding whether temperatures greater than 140°F are encountered during non-
hazardous industrial waste management, in what situations and how frequently this occurs, and what maximum
temperatures are reached (particularly in hotter regions of the nation). One relevant issue is whether
temperatures exceeding 140°F may be encountered during mismanagement (as opposed to routine waste management).
Examples of possible mismanagement scenarios for ignitable wastes include:

° Wastes stored in closed, heat-containing facilities (e.g., metal sheds, upper floor
warehouse spaces, or metal trucks) in hot climates and/or sunlight; and

° Wastes mixed in waste management unitsin a manner that might generate heat through
chemical reactions, especialy in the presence of hot climate or sunlight.

No information is readily available regarding the universe of "combustible" industrial wastes currently
being managed as non-hazardous. Nevertheless, some liquid materials with flash points generally in thisrange can
beidentified, as shown in Exhibit 3-2. Examplesinclude certain alcohols, low molecular weight esters, ethylene
glycol ethers, kerosene, jet fuels, certain petroleum byproducts, many "tints and paints," and individual
chemicals including benzal dehyde, benzonitrile, and bromobenzene. |f these materials are disposed of or are
present in wastes, the wastes may be combustible, in spite of not being hazardous by the ignitability
characteristic. In addition, mixtures of materials of differing flash points may fall into this category.

Exclusion for aqueous liquids containing less than 24 percent alcohol may warrant reexamination. Atthe
time of the original rulemaking, some commenters argued that liquid wastes such as wine and some latex paints that
exhibit low flash points because of their alcohol content do not sustain combustion because of the high percentage
of water and therefore should not be designated as characteristically hazardous waste. EPA agreed and excluded
from the ignitability characteristic agueous solutions containing less than 24 percent of alcohol by volume. A

3 U.S. Environmental Protection Agency, Office of Solid Waste, Background Document: Resource Conservation and Recovery Act
Subtitle C -- Identification and Ligting of Hazardous Wastes, Section 261.21-Characteristics of Ignitability, May 2, 1980, p.
10-11.
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similar exclusion isfound in DOT regulations. EPA stated that it hoped "to undertake further study to determine
whether another exclusion limit is more appropriate and to evaluate tests which might be capable of identifying
wastes which exhibit this phenomenon."* EPA also intended to eval uate possible supplemental test methods to
evaluate flammability hazards for these types of wastes.

The exclusion for agueous liquids containing alcohol has caused confusion during implementation and
enforcement concerning whether it applies only to ethanol or more broadly to all alcohols. The exclusion also
focuses on aqueous alcohal solutions, rather than on the underlying target of liquids with low flash points that do
not sustain combustion. (Tests for sustained combustion are now available: ASTM has methods D-4206 and D-4207.)
In addition, the rationale that certain liquids should not be considered ignitable if they do not sustain
combustion may not be valid where an excluded aqueous solution could flash and ignite a co-managed non-hazardous
waste that would sustain combustion.

4 45 Federal Register 33108.
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Exhibit 3-2
Materials Formerly Classified by DOT as Combustible Liquids
(which generally are not RCRA ignitable)

"Adhesive' Ethylhexaldehyde

Source: Suspect Chemicals Handbook, 1988.

n.o.s. = not otherwise specified.

Note: Current DOT Hazardous Materials Tablein 49 CFR 172.101 does not distinguish combustible liquids from flammable liquids.
The above list was taken from a 1987 version of DOT regulations that classified some materials as combustible liquids. Thislist
isintended to provide examples of materials "that may be combustible (i.e., liquids with 141°F < flash point < 200°F)."
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Referencesto DOT regulations are outdated. The ignitability characteristic refersto aDOT definition
of ignitable compressed gas (49 CFR 173.300) that has been withdrawn. Current DOT regulations at 49 CFR 173.115
define flammable gas, which is any material that isagasat 20°C (68°F) or less and 101.3 kPa (kilopascals equal
to 14.7 pounds per square inch) of pressure. The complete definition includes any material that has a boiling
point of 20°C (68°F) or less at 101.3 kPa (14.7 psi)) that (1) isignitable at 101.3 kPa (14.7 psi) whenina
mixture of 13 percent or less by volume with air; or (2) has aflammable range at 101.3 kPa (14.7 psi) with air of at
least 12 percent regardiess of the lower limit. Likewise, the term oxidizer is no longer defined at 49 CFR 173.151.
It isnow found at 49 CFR 173.127. These out-of-date citations constitute a potential gap because they may cause
regulatory confusion and misinterpretation and thereby may impede efficient and effective compliance and
enforcement.

3.2.3 Potential Gaps Related to I gnitability Test Methods

No test method is specified for non-liquids. The ignitability characteristic does not specify atest
method for non-liquid wastes. In a background document supporting the original rulemaking, EPA stated that non-
liquid wastes may present a hazard by virtue of their capacity to ignite and burn as aresult of friction, moisture
absorption, or spontaneous reaction under the normal temperatures and pressures encountered in waste management.®
The Agency noted that such wastes are akin to reactive wastes and can directly injure workers or others as a result
of fire, induced explosions, or induced generation of toxic gases at amost any point in the waste management
process. Examples of potential ignitable non-liquid wastes include soils highly contaminated with gasoline or
other ignitable substances and sorbents used to cleanup spills of ignitable substances.

In explaining the final rulemaking, the Agency stated that, although "EPA would have preferred providing
atest method for identifying ignitable solids, it has determined . . . that there are no test methods capable of
accurately identifying the small class of ignitable solidsto which itsregulation is directed. EPA is presently
working with the Department of Transportation and other organizations to correct this deficiency."® Since then,

EPA hasidentified atest method that may be suitable for identifying ignitable solids. Method 1030

("Ignitability of Solids") has been proposed for inclusion in the Third Edition of the EPA test methods manual

"Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," EPA Publication SW-846.” The method is
appropriate for pastes, granular materials, solids that can be cut into strips, and powdery substances.

3.3 Corrosivity
3.3.1 Déefinition of Corrosivity

According to 40 CFR 261.22, a solid waste exhibits the characteristic of corrosivity if arepresentative
sample of the waste has either of the following properties:

° Is aqueous and has a pH less than or equal to 2 or greater than or equal to 12.5, as
determined by a pH meter using Method 9040 in "Test Methods for the Evaluation of Solid
Waste, Physical/Chemical Methods," incorporated by referencein § 260.11; or

5 Background Document, supra footnote 2, p. 14.

645 Federal Register 33108.

760 Federal Register 37974, July 25, 1995.
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° Isaliquid and corrodes steel (SAE 1020) at arate greater than 6.35 mm (0.250 inch) per
year at atest temperature of 55°C (130°F) as determined by the test method specified in
NACE (National Association of Corrosion Engineers) Standard TM-01-69 as standardized in
"Test Methods for the Evaluation of Solid Waste, Physical/Chemical Methods," EPA
Publication SW-846, asincorporated by referencein § 260.11.

Thefirst part of this definition encompasses wastes exhibiting low or high pH, which “can cause harm to
human tissue, promote the migration of toxic contaminants from other wastes, react dangeroudly with other wastes,
and harm aguatic life.” Specifically, the Agency identified skin and eye damage to transporters who are directly
exposed to the waste as a primary focus of this characteristic. The pH limits also were intended to address the
potentia solubilization of heavy metals allowing migration to groundwater, reactions with incompatible wastes
resulting in fires, explosions, generation of flammable or toxic gases, generation of pressure inside vessdls, and
the dispersal of toxic vapors, mists, and particul ates.

The other part of the corrosivity characteristic relates to the corrosivity of waste to steel containers.
The Agency identified this aspect of corrosivity as a hazard because “wastes capable of corroding metal can escape
from the containersin which they are segregated and liberate other wastes.” The consequences of liberating
wastes from containers during transportation or storage include harm from direct contact, violent reactions, and
the release of waste components to the environment.

3.3.2 Potential Gaps Related to Definition of Corrosivity

Non-liquids are not covered. The current

RCRA corrosivity characteristic islimited to Potential Corrosivity Gaps
liquids. Othgr regula’Fory programs, however, aso . Excludes corrosive non-liquids
cover corrosive non-liquids. For example: +  pH limits may not effectively protect against some
types of injury
° DOT regulates corrosive liquids and + Corrosion to materials other than steel is not
solids as hazardous materials; directly addressed
» Solubilization of non-metals (e.g., by organic
) The OSHA definition of health hazard ~ Solvents) is not addressed

o Excludesirritants and sensitizers

includes all corrosives regardliess
g » pH test methods may not accurately predict hazards

of physical form;

° The Basdl Convention
definitions of hazardous
materials are not limited
to liquids; and

° At least four states (California, New Hampshire, Rhode Island, and Washington) include
non-agueous wastes in their definitions of corrosivity. New Hampshire and Rhode Island
specifically include corrosive gases as well as corrosive solids.

The states that include non-liquidsin their corrosivity characteristics specify mixing the non-agqueous
waste with water and then testing for pH. Therationale for this approach isthat the waste is likely to come into
contact with water during land-based management. In addition, EPA has developed Method 9045 (Soil and Waste pH),
which can be used to test some corrosive solid wastes. Finally, Method 1120 (Dermal Corrosion) may be applied to
solids, liquids, and emulsions (see additional discussion below under "potential gaps related to corrosivity test
methods").
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pH limits may not cover some hazards. EPA originally proposed pH limits of 12.0 or greater and 3.0 or
less, and a magjority of commenters argued that these limits were too stringent. The commenters argued that the
limit of 12.0 or greater would regulate as hazardous many lime-stabilized wastes and sludges, thereby discouraging
use of avaluable treatment technique, and that the pH limit of 3.0 or less would regulate a number of substances
generally thought to be innocuous (e.g., cola drinks) and many industrial wastewaters prior to neutralization.
EPA agreed with these commenters and promulgated pH limits of 12.5 or greater and 2.0 or lessin the 1980 final
rule.

The more stringent proposed pH limits were based on studies of eye tissue damage. These studies indicated
that pH extremes above 11.5 and below 2.5 generally are not tolerated by human corneal tissue.? EPA decided that
basing pH limits on eye tissue damage was unnecessarily conservative. Thus, eye damage is a hazard not fully
addressed by the corrosivity characteristic.

The corrosivity characteristic also was intended to prevent harm to ecological receptors caused by the
release of hazardous wastes with high- or low-pH. In discussing aquatic life in the original background document,’®
EPA noted that the optimum pH range for freshwater fish is 6.5 to 9.0 and that an increase or decrease of 2 pH units
beyond the optimum range causes severe effects. Levelsof pH of 11.0 or greater and 3.5 or less are fatal to all
species of fish. EPA aso noted that altering surface water pH can reduce the productivity of food organisms
essential to fish and wildlife. The pH limits of the corrosivity characteristic (2.0 and 12.5) are well beyond the
safe range for aguatic life, but wastes presumably would be significantly diluted before the point of exposure to
aquatic life. EPA did not conduct arisk assessment of such potential hazards (e.g., modeling the pathway of waste
released to surface water and exposure to aquatic life) and thusit is not known under what circumstances high- or
low-pH wastes could cause harm to aquatic receptors.

Corrosion of materials other than stedl is not directly addressed. In the second part of the corrosivity
characteristic, EPA uses stedl corrosion as an indicator of corrosivity. EPA adopted this aspect of corrosivity
because "wastes capable of corroding metal can escape from the containers in which they are segregated and
liberate other wastes."® EPA adopted DOT's corrosion standard, noting that the rate at which awaste corrodes a
material commonly used in container construction (low carbon steel) is a suitable measure of its hazardousness.

8 U.S. Environmental Protection Agency, Office of Solid Waste, Background Document: Resource Conservation and Recovery Act,
Subtitle C-ldentification and Listing of Hazardous Wastes, Section 261.22-Characteristic of Corrosivity, May 2, 1980, p. 5.

°Id., pp. 9-10.

1045 Federal Register 33109.
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Thereliance on the steel corrosion rate may create a potential gap if there are plausible mismanagement
scenarios where wastes are stored, transported, or disposed in containers made from materials more easily corroded
than low carbon sted (e.g., plastic by organic solvents) or are disposed in solid waste management units lined
with materials such as clay or synthetics. Also, there may be a potential gap in the characteristic if waste
management scenarios result in conditions where wastes are subject to higher temperatures than the 130°F test
temperature.

Solubilization of hazardous constituents. The corrosivity characteristic also wasintended to address
the potential for high- and low-pH materials to solubilize potentially toxic waste congtituents. EPA offersthe
example that adrop in pH from 4.0 to 2.0 increases the solubility of red mercury oxide or chromium hydroxidein
water approximately 100 times.** The general concernisfor inorganic ions that may be converted to more soluble
species. This characteristic does not address the potential solubilization of organic constituents by organic
liquids such as solvents, nor doesit address the formation of non-agueous phase liquids (NAPLS) by such
materials. EPA considered including a solvents "override" in the TC characteristic,'? but did not do so. The
solvents override would have caused wastes with high concentrations of solvents to be classified as hazardous on
the basis of potential NAPL formation. The issue of NAPL formation is discussed in more detail in Chapter 5.

Lack of coverage of sensitizersand irritants. At least two types of materials that may pose potential
hazards to humans through direct contact are not included in the corrosivity characteristic or any other
characterigtic: irritants and sensitizers. OSHA includesirritantsin its definition of health hazard and
definesirritant asamaterial that is not corrosive, but which causes areversible inflammatory effect on living
tissue by chemical action at the site of contact. A chemical isaskinirritant if, when tested on the intact skin
of ahino rabbits by the methods of 16 CFR 1500.41 for four hours exposure or by other appropriate techniques, it
resultsin an empirical score of five or more. A chemical isan eyeirritant if so determined under the procedure
listed in 16 CFR 1500.42 or other appropriate techniques. (See 29 CFR 1910.1200.)

OSHA aso includes sengitizersin its definition of health hazard. A sensitizer is defined as amaterial
that causes a substantial proportion of exposed people or animals to develop an allergic reaction in normal tissue
after repeated exposure to the chemical. (See29 CFR 1910.1200.)

This analysis did not identify any specific non-hazardous industrial wastes that areirritants or
sensitizers. Irritants and sensitizers, however, are common categories of materials and these properties are
often identified in laboratory testing of materials. A major issue regarding this potentia gap is whether any
irritants and/or sensitizers pose a hazard in wastes that reaches the statutory level of hazard intended to be
covered by RCRA Subtitle C.

1 bid, p. 6.

1255 Federal Register 11809, March 29, 1990.
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3.3.3 Potential GapsRelated to Corrosivity Test Methods

Use of pH asan indicator haslimitations. EPA chose pH as a measure of corrosivity because "wastes
exhibiting low or high pH can cause harm to human tissue, promote the migration of toxic contaminants from other
wastes, react dangerously with other wastes, and harm aquatic life."** The ability of some substances to damage
human tissue, however, may not be adequately indicated by apH measurement. Other regulatory and advisory bodies
(e.g., DOT, OSHA, Basdel Convention) use criteria based on full thickness destruction of human skin.

Since the original rulemaking in 1980, Method 1120 (Dermal Corrosion) has been devel oped commercialy.
The dermal corrosion assay system isan in vitro test method which determines the corrosive potentia of a
substance toward human skin. It can be used to test liquids (agueous or non-aqueous), solids (water soluble or
insoluble), and emulsions. Method 1120 is essentially the same method that DOT uses. It replaced previous tests
(e.g., Draize test) that used live animals with atest that uses a proprietary synthetic pig collagen material.

34 Reactivity
3.4.1 Déefinition of Reactivity

Thereactivity characteristic is “intended to identify wastes, which because of their extreme instability
and tendency to react violently or explode, pose a problem at all stages of the waste management process.” This
characteristic was intended to reduce physical risksto transportation and disposal workers and to avoid incidents
that could result in the release of toxic constituents into the air consequent to an explosion or violent reaction.

40 CFR 261.23 states that a solid waste exhibits the characteristic of reactivity if arepresentative sample of the
waste has any of the following properties:

° Is normally unstable and readily undergoes violent change without detonating;

° Reacts violently with water;

° Forms potentially explosive mixtures with water;

° When mixed with water, generates toxic gases, vapor, or fumesin a quantity sufficient

to present adanger to human health or the environment;

° Isacyanide or sulfide bearing waste which, when exposed to pH conditions between 2 and
12.5 can generate toxic gases, vapors or fumes in a quantity sufficient to present a
danger to human health or the environment;

° Is capable of detonation or explosive reaction if it is subjected to a strong initiating
source or if heated under confinement;

13 45 Federal Register 33109.
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° Isreadily capable of detonation or explosive decomposition or reaction at standard
temperature and pressure; or

° Isaforbidden explosive as defined in 49 CFR 173.51, or aClass A explosive as defined
in 49 CFR 173.53 or aClass B explosive as defined in 49 CFR 173.88.

3.4.2 Potential Gaps Reated to Definition of Reactivity

The Definition is broad and lacks specificity. In
discussing the reactivity characteristic in the 1980 final Potential Reactivity Gaps
rule, EPA stated that "the definition was intended to - Broad, non-specific definitions
identify wastes which, because of their extreme instability « References outdated DOT regulations
and tendency to react violently or explode, pose aproblemat| « No test methods specified
all stages of the waste management process."** EPA noted thiat
the reactivity characteristic encompasses a diverse class of
physical properties and effects and overlaps somewhat with the ignitability characteristic.

Some commenters argued that the definition was vague. They advocated using a quantitative definition
accompanied by testing protocol(s). EPA responded that "the prose definition should provide generators with
sufficient guidance to enable them to determine whether their wastes are reactive."*® EPA argued that most
generators whose wastes are dangerous because they are reactive are well aware of this property and such wastes
usually are generated from reactive feedstocks and/or processes producing reactive products or intermediates.

EPA further stated that problems posed by reactivity appeared to be confined to afairly narrow category of wastes.

Theoretically, the reactivity characteristic could be clarified and made consistent with other programs
(especially DOT) by developing more specific definitions of general terms such as "normally unstable," "violent
change," "potentially explosive," "reacts violently with water," "readily capable of detonation," and so forth.

Other programs include more specific definitions. For example, as shown in Exhibit 3-3, DOT has adopted
definitions of spontaneously combustible material and dangerous when wet material, which could be used to clarify
the RCRA characteristic. Specifically, DOT identifies an ignition time and violent reaction rate. Likewise, OSHA
defines pyrophoric, unstable reactive, and water reactive, specifying reactive conditions such as shocks,

pressure, and temperature which define the characteristic. The Basedl Convention also defines similar terms.

nn

Referencesto DOT regulations are outdated. Forbidden explosive are no longer defined in 49 CFR 173.51.
The current DOT regulations define forbidden explosives at 49 CFR 173.54. Other explosives are defined at 49 CFR
173.50. 49 CFR 173.88 no longer exists.

14 45 Federal Register 33109.

15 45 Federal Register 33110.
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Exhibit 3-3
Other Definitions of Reactivity

DOT (49 CFR 173.124)
Spontaneously combustible material is a pyrophoric material, that isaliquid or solid that, even in small
guantities and without an external ignition source, can ignite within five minutes after coming in contact wit

ar.

A self-heating material is amaterial that, when in contact with air and without an energy supply, isliable td
self-heat.

A dangerous when wet material isamaterial that, by contact with water, isliable to become spontaneously

flammable or to give off flammable or toxic gas at arate greater than 1 liter per kilogram of the material, pef

hour.

OSHA (29 CFR 1910.1200)

A pyrophoric chemical isachemical that will ignite spontaneoudly in air at atemperature of 130°C or beloyv.

An unstable reactive chemical isachemical that in the pure state, or as produced or transported, will
vigorously polymerize, decompose, condense, or will become self-reactive under conditions of shocks, pres
or temperature.

A water reactive chemical isachemical that reacts with water to release agasthat is either flammable or
presents a health hazard.

Lre

Basal Convention Characteristic

Anexplosiveisasolid or liquid capable by chemical reaction of producing gas at such atemperature and
pressure and at such speed as to cause damage to the surroundings.

Substances or wastes liable to spontaneous combustion are liable to spontaneous heating under normal
conditions encountered in transport, or to heating upon contact with air, and being then liable to catch on
fire.

Substances or wastes which, in contact with water, emit flammabl e gases are substances or wastes, which
interaction with water, are liable to become spontaneoudy flammable or to give off flammable gasesin
dangerous quantities.

Substances or wastes that cause liberation of toxic gases in contact with air or water are substances or w
that, by interaction with air or water, are liable to give off toxic gases in dangerous quantities.

Organic peroxides are organic substances or wastes which contain the bivalent O-O structure are thermally
unstabl e substances which may undergo exothermic self-accel erating decomposition.

hstes
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3.4.3 Potential Gaps Related to Reactivity Test M ethods

Reactivity characteristic lacks test method(s). When the Agency promulgated the reactivity
characteristic in 1980, no available tests were identified for use in defining the reactivity characteristic
because:

° They were too restrictive and were confined to measuring how one specific aspect of
reactivity correlates with a specific initiating condition or stress.

° Testing the reactivity of a sample does not necessarily reflect reactivity of the waste,
because reactivity varies with properties including mass and surface area.

° Most available tests required subjective interpretation of results.
° Existing methods were not developed for testing wastes.

Although EPA hasidentified atest method (Method 9010) for reactive sulfide and/or cyanide bearing
wastes, the Agency has not identified suitable test methods to fully define the reactivity characteristic.

35 Potential Gaps Associated with the Toxicity Characteristic
3.5.1 Déefinition of Toxicity Characteristic

Thetoxicity characteristic was designed by EPA to reduce risks to public health from chronic exposuresto
groundwater contamination caused by releases of toxic waste constituents. The Agency found “ persuasive evidence
that the contamination of groundwater through the leaching of waste contaminants from land disposed wastesis one
of the most prevalent pathways by which toxic waste congtituents migrate to the environment.”** The legidative
history of RCRA and EPA’s case studies of damages from hazardous waste management were cited as support for
focusing the toxicity characteristic exclusively on groundwater pathway risks.

EPA originally listed 14 contaminants as part of the toxicity characteristic. Subsequently, EPA added
another 26 substances to the list, as shown in Exhibit 3-4. These 40 TC chemicals were selected because:

° The chemicals were included on the 40 CFR Part 261 Appendix V11 list of hazardous waste
congtituents that have been “shown to have toxic, carcinogenic, mutagenic, or
teratogenic effects,” and

° Appropriate chronic toxicity information had been developed and adequate fate and
transport data were available to allow the modeling of groundwater fate and transport
for each congtituent.*’

16 45 Federal Register 33110, May 19, 1980.

1755 Federal Register 11801, March 29, 1990. In findizing the revised toxicity characteristic, however, the Agency used a
generic DAF of 100 in a subsurface fate and transport model to set the regulatory levels.
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Exhibit 3-4
TC Consgtituents and Regulatory L evels (mg/l)
Arsenic 5.0 Hexachlorobenzene 0.013

Source: 40 CFR 261.24.

Thus, EPA found these chemicals to be among those posing the greatest risk to humans from chronic groundwater
exposure.

The remainder of Section 3.5 evaluatesthe TC in five steps:

° Section 3.5.2 examines whether new data on the toxicity and persistence of TC analytes
and updated groundwater transport modeling techniques would result in allowable TC
leachate concentrations different from those established in 1990.

° Section 3.5.3 presents screening-level exposure and risk modeling methods and results
that are used to evaluate whether the current TC chemicals could pose risks to human
health and environmental receptors through the inhalation pathway.

° Sections 3.5.4 and 3.5.5 evaluate potential risks from TC chemicalsto human health
through surface water pathways and indirect pathways, respectively. Theserisks are
evaluated by comparing toxicity and fate and transport values to defined risk-related
criteria, both singly and in combination, and by reviewing the results of the Agency's
multipathway risk modeling for the analytes that was performed as part of the proposed
Hazardous Waste | dentification Rule (HWIR-Waste) development.
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Sections 3.5.6 and 3.5.7 evaluate the potential for acute adverse health effects of
exposures to TC analytes and potential risksto ecological receptors from TC analytes,
respectively.

Changesin Groundwater Pathway Analysis

This section of the Scoping Study explores two issues related to the current TC regulatory levels: (1)
whether new toxicity dataindicate a potential need to revise the regulatory levels; and (2) whether, in light of
recent devel opments in groundwater modeling techniques, the current dilution and attenuation factor (DAF) vaue
of 100 till provides areliable basis for assuring that human health is protected against risks from groundwater
exposuresto TC chemicals.

Revisionsto MCLsand Toxicity Criteria

Thetoxicological bases for the establishment of TC analyte regulatory levels were chronic toxicological
and health-based regulatory criteriathat were current at the time of promulgation. Theseincluded Safe Drinking
Water Act Maximum Contaminant Levels (MCLSs), Reference Doses (RfDs), and Risk-Specific Doses (RSDs) based on
ingestion pathway Cancer Slope Factors (CSFs). For amost al of the TC analytes, these values have not changed
since 1990. The few changes have included:

A reduction in the RfD for p-cresol by afactor of ten and the withdrawal of the MCL of 50
ug/l for lead and its replacement with an Action Level of 15 ug/l. For cresol and lead,

the reductions in RfDs and promulgation of Action Levelsindicate that the toxicological
evaluation of these chemicals has changed such that the TC regulatory levels may be less
protective than was originally intended. The changes for both of these analytes were an
order of magnitude or less.

The withdrawal of the MCL for silver, with its replacement by an SMCL at the same value.
This change simply means that the critical toxic effect for silver (argyria, whichis

the collection of dark pigment in the skin and mucous membranes) has been downgraded
from a health effect to a cosmetic effect.

In addition, the RfD for pentachlorophenol has been reduced from 2 mg/l to 3x102 mg/I.
More importantly, since the TC was revised, the Agency has promulgated a cancer slope
factor for this compound, which is a suspect human carcinogen. Thus, the critical toxic
endpoint has been changed from non-cancer to cancer induction. The promulgation of the
Cancer Slope Factor implies that a much lower TC regulatory level (about 1000 times
lower) would be needed to achieve the same level of protection against cancer risks as
originaly intended when the TC was promulgated.
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Advancesin Groundwater Modeling

To develop the existing TC regulatory levels, the Agency used the EPAMCL model to estimate the likely
extent of dilution after the release of waste constituents from waste management units during their transport to
the nearest drinking water wells.*® These cal culations were conducted for municipal solid waste landfills and
Subtitle D surface impoundments, taking into account the geochemical properties of the constituents, the size and
configuration of the units, the vadose zone and groundwater regimes beneath the units, and the distribution of
distancesin the downgradient direction to the nearest drinking water well. Groundwater regimes were defined
using distributions of transport parameter values typical of conditions throughout the United States. Receptor
wells were assumed to be in the groundwater plume at a distribution of distances derived from a Subtitle D facility
survey. Simulation methods were used to derive estimates of dilution-attenuation factors (DAFs) for each
congtituent and each type of waste management unit. After reviewing the results, the Agency e ected to calculate
acceptable leachate concentrations (regulatory levels) for each TC analyte using asingle DAF value of 100.2° In
other words, the threshold leachate concentration of each analyte above which wastes would be identified as TC
hazardous was set equal to allowable drinking water concentration or other benchmark (10° cancer risk or Hazard
Quotient (HQ) = 1.0) for the analytes multiplied by 100.

Since the TC was promulgated, the Agency has continued to use the same general approach to evaluate the
groundwater transport of pollutants in developing RCRA regulations. The exact techniques used in this modeling,
however, have changed significantly. In recent rulemakings, the Agency has used an updated version of the EPAMCL
model, known as EPACMTP, to derive constituent-specific DAFs for awide range of pollutant rel eases from hazardous
and non-hazardous waste management units. This model employs many of the same basic transport algorithms as the
EPAMCL, with severa important differences, including the following:%

° The EPACMTP model uses adetailed metals speciation model (MINTEQA) to estimate leachate
concentrations from wastes of defined ionic composition, whereas the EPAMCL mode! did
not employ such amodel;

° The EPACMTP, unlike EPAMCL, can model the adsorbtion to soil and transformation of
organic waste constituents by hydrolysisinto more toxic (or lesstoxic) transformation
products;
° The EPACMTP directly simulates the interface between the saturated and vadose zones,
° The EPACMTP modd can simulate groundwater mounding under management units, whereas the

EPAMCL could not; and

° The EPACMTP modéd provides more flexibility in modding finite, versus infinite, source
terms.

18 A detailed discussion of the groundwater modeling approach used by EPA in support of the TC rule can be found at 55 Federal
Register 11816, March 29, 1990.

¥ bid at 11827.

2 A detailed discussion of the EPACM TP model can be found in U.S. Environmental Protection Agency, Office of Solid Waste,
EPACMTP Background Document, 1995; and EPACMTP Background Document for Metas, Volume 1: Methodology, 1995.
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Recent applications of the model also used somewhat different assumptions regarding waste and facility
characteristics, hydrogeological regimes, climatology, and receptor locations than those used in the devel opment
of the TC. Therefore, it isnot possible, except in avery general way, to simply compare the DAF value used in
establishing the TC allowable leachate concentrations with the constituent-specific DAF values for the same
congtituents derived in the subsequent analyses. In addition, DAF values derived for metals using the EPACMTP
vary with theinitial concentration of the constituent in the waste, because the model incorporates saturable
binding and transport phenomena. In contrast, the DAFs derived using the EPAMCL model are concentration-invariant
under most conditions.

Recently, EPA has employed the EPACMTP mode! in two major regulatory development efforts.

° EPA applied the model in its development of proposed risk-based exit levels for the
Proposed Hazardous Waste I dentification Rule for Process Waste (HWIR-Waste).?! In that
analysis, EPACMTP was used to back-cal cul ate concentrations of constituents in wastes
and in waste leachate corresponding to specific risk levels through groundwater
exposures. The Agency is currently revising the proposed HWIR-Waste exit level
groundwater risk modeling methods in response to comments from the Science Advisory
Board and from other technical reviewers. Thus, the results of this modeling presented
in this Scoping Study should be regarded as preliminary.

° In the Phase IV LDR regulatory development effort for mineral processing wastes, the
model was used to derive constituent-specific DAFs for mineral processing wastes
disposed of in surface impoundments and waste piles.?? The DAFs were then used to derive
groundwater pathway risk estimates for exposure to waste constituents.

The results of these analyses have been used to evaluate the extent to which changesin modeling
techniques may have affected the assessment of groundwater fate and transport relative to the assessment used to
derive the TC regulatory concentrations. As noted previously, a ssimple comparison of DAF values and/or calculated
risk levels from the different modeling efforts is not possible without further analysis since the more recent
modeling employs different groundwater transport models and different assumptions regarding facility
characteristics, groundwater regimes, and receptor locations. In the case of the mineral processing risk
assessment, for example, DAF values were derived specifically for facility sizes representative of the mineral
processing industry, rather than Subtitle D management units. In addition, groundwater modeling was performed
using climatologic data primarily from drier regions where many mineral processing facilities are located. While
Subtitle D facilities were used to calculate releases for the HWIR-Waste proposal, the receptor wells were assumed
to be distributed uniformly in the downgradient direction, instead of being confined to the plume. More
importantly, the proposed exit levels were derived using a carcinogenic risk target of 10°®, rather than 10°, and
the 90th percentile, rather than the 85th percentile, estimates of risk were used. Using the 90th instead of 85th
percentile of the risk output results in estimating higher risks for a given receptor for a given constituent
concentration and in more stringent (lower) exit levels. Thus, the proposed HWIR-Waste risk calculations,
especialy for carcinogens, are substantially more conservative in several important respects than those used to
derive the TC regulatory levels.

2 U.S. Environmental Protection Agency, Office of Solid Waste, Technical Support Document for the Hazardous Waste
Identification Rule: Risk Assessment for Human and Ecological Receptors, August 1995.

2 U.S. Environmental Protection Agency, Office of Solid Waste, Regulatory Impact 